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ABSTRACT
The genus Lepto s p i r a  is de scribed  in terms 
of taxonomy, m o r p h o l o g y  and epidemiology.
The dose dependent  effects of serotype 
i c t e r o h a e m o r r h a g i a e  on the hamster are described, 
but are found too var iab le for use in estimating  
numbers of organisms invadin g the animal during 
subsequent experiments.
Two tec hniques were used to de monstrat e 
hy a l u r o n i d a s e  production. No such activity was 
found.
The p e r m e a b i l i t y  of various body surfaces to 
penet r a t i o n  was examined iji vivo by infection. Many 
epithelia allowed the orga n i s m  to pass, but it is 
suggested that m i c r o lesio ns  may be important. Further 
experiments at tempting to demon st rate p e n e trat io n 
m i c r o s c o p i c a l l y  i j i  vitro and vivo using silver 
stain were not successful. The use of i m mu nohist ol ogy  
d em on strate d p en etratin g leptospires. Invasion was 
only seen in relation  to existin g lesions, r einforc in g  
the earlier findings. Pro te ctive propert ies of various 
membranes  are discu ssed in rela tio n to the invasive 
properties of the leptospire.
The effect of fluids from the m a m m a l i a n  body 
on the vi abilit y of leptospires is examined in re lat ion 
to pH, osmotic pressure and other factors. pH removed 
from n e u tra li ty is d e monstr at ed to be harmful, the 
effect is re in for ced in the presence of high osmotic 
pressure. It is shown that other damage pro du cing  
factors are present and these are discussed.
The mo t i l i t y  of leptospires is described for 
free fluid, sem i-solids and in r el ation to surfaces.
These findings are di scussed  in r el at ion to 
the tr ansmi ss ion of lep tospires under natural conditions 
The need for caution when applying ex perimenta l findings 
to natural conditions is stated and explained.
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Apart from the assistan ce acknowledged, this 
thesis is my own work and describes a previo us ly
unpu bl ished study. A paper on the moti l i t y  of l e p t o ­
spires is appended in support of the thesis.
This thesis contributes to the k n ow le dge of
leptospiral biology in a number of ways. Method s of 
in ve st iga ting initial p e n e tr ation have been compared.
The most suitable has produce d infor mat ion as to the 
types of epithelia susceptible or res istant to pene- 
'tration. Informat ion on the capacity of leptospires 
to survive in various environment s has been provided, 
using an objective technique for asses sing viability.
The m ot il ity of the leptospire has been descri bed in 
accurate terms for the first time.
The findings are discu sse d in relat ion to 
the tr ansmission of leptospires under natural conditions
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SECTION 1 
Introduct ion
The disease caused by organisms of the genus 
Le p tos pi ra was describ ed 30 years before the disco ver y 
of the organisms themselves. Al th o u g h  he was probabl y 
not the first to realise that this form of infectious 
jaundice was a disease separable from other types of 
bilious fevers, Adolf Weil, Professor of Medi cin e at 
Heidelberg, has given his name to the syndrome that he 
described in 1886. Because the symptoms of l e pto ­
spirosis mimic many other febrile illnesses, separat ion  
as a separate entity is a tribute to Weil's clinical 
acumen, and indeed such separation was not gen erally 
accepted as late as the discovery of the organism. Late 
in 1914 Inada e_t a_l de monstrated spirochaetes in the 
liver of a guinea pig that had been infected from an 
infection of the blood of a patient suffering from Weil's 
disease. This process was repeated independ ently by 
German workers and again by British workers who isolated 
the organism from soldiers fighting in France in 1916 
(Alston & Broom, 1958).
In m o rpholog ic al terms, all leptospires are 
identical (vide i n f r a ) the only possible exceptions to 
this being one or two aberrant forms which lack the 
typical hooked ends. There are good grounds for dividing 
up the genus, the most obvious division is between the
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saprophytes and the parasites, and these two groups 
themselves can be subdivided by serology. C a t e g o r ­
isation on bi oc hemical and pat hologi ca l grounds is 
also possible, but the groupings prod uce d do not 
corres pon d with those produced by p a t h o g e n i c i t y  or 
serology. With this in mind, and because ’spéciation' 
in the accepted sense is difficul t to apply at this 
level, a prov isi onal cl as sifi c a t i o n  has been proposed, 
which can be changed as and when our und e r s t a n d i n g  of 
the genus permits. Thus the genus Lep to s p i r a  Noguchi, 
1917, is said to comprise one species designate d 
L. interrogans (Stimson) Wen yon 1926. The parasitic 
and saprophytic groups are called 'complexes' which 
avoids the confu sion which would be caused if the term 
subspecies was used. The parasitic comple x is 
interrogans and the saprophytic, b i f l e x a , both of 
which, when divided on serological grounds, contain a 
number of 'serotypes'. Because these serotypes tend 
to cross-react due to antigenic similarities, thus 
forming larger groups, the term 'serogroup' has come 
into being. Therefore, when a serotype is referred to 
in this work it is not as L e p tospi ra  i c t e r o h a e mo rrhagia e 
but serotype i c t e r o h a e m o r r h a g i a e . (Turner 1967 , 1974)
Both complexes have a w o r ld -wide distribution, 
the saprophytes being found in many bodies of fresh 
water including domestic supplies, and the parasites
21
are found to be present in many species of vertebrates , 
notably  mammals, but also fish, birds and reptiles.
A very few serotypes, e.g. anda mana and semaranga 
have prop erties of both groups and it is thought pr obable 
that more of this type will come to light in the future 
d em o n s t r a t i n g  the need for caution in acce pting too 
rigid a metho d of clas s i f i c a t i o n  (Turner 1967).
D a r k gr ou nd i l l u m inatio n is the only method of 
light m i c r o s c o p y  by wh ic h leptospires may be observed.
They appear as fine silver threads with a ch aracter is tic 
hook at each end. In active culture they are highl y 
motile, though this motil i t y  is largely confined to 
what appears to be a very rapid spinning about the axis 
of the thread. Under the optical microscope, it can 
seen that the body is in the form of a fine helix, but 
no finer structure can be discerned. Numerous i n v e s t ­
igations have been made using the electron micr o s c o p e  
and a fairly complete picture of the m o r p h o l o g y  of these 
organisms has been built up. The p r o t o p l a s m  is contained 
in a cylinder which  is entwined with two axial filaments, 
each having a sub terminal origin at opposite ends of the 
cell where they are attached by complex terminal stuctures 
(Nauman e^ aj^  1969). These axial filaments do not join 
in the middle of the cell, and lie close to the axis of 
the whole organism. The outermost layer of the leptospire 
is a triple layered, lipid rich sheath which envelops
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all the other structures. These cells are usuall y 
b et we en 7 and 10 jim in length and 0.1 jim in diameter, 
though greater lengths are attained prior to cell 
d iv is ion and in culture med ia after active p r o l i f e r a t i o n 
has ceased.
These organisms are re sp onsibl e for one of 
the most w i d e - s p r e a d  zoonoses of mo dern times. Zoonoses 
are defined as "those diseases and infections which are 
na turally  transmit ted  betwe en v e r te brate animals and 
man" (Joint WHO/FAO Expert Group on Zoonoses, 1959). and 
are therefore found when man comes into contact with an 
infected animal species. Such a sit ua tion may arise in 
several ways. Man may move into an area that he has not 
p re vi ously inhab ited and find that an indigenous species 
harbours a path ogen to whi ch he is susceptible, or an 
exi sting human p o p u l a t i o n  may become infected by such 
a species moving in from surr ounding countryside. An 
example of the former case would be sleeping sickness 
transmit ted  from indigenous wild game to w a n d e r i n g  Af ri can 
he rdsmen via the vector of Tsetse fly, the latter case is 
illu str ated by the influx of rats into Eu ropean towns 
during the Middle Ages bri ng ing the d e v a sta ti on of plague. 
It may well happen that only, a certain prop o r t i o n  of a 
human popula ti on  is at risk as a result of their o c c u ­
pational, recreational, or social act ivities brin ging 
them into closer pr oximity with infected animals than
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their fellows. V e t er inarian s and ag ric u l t u r a l i s t s  fall 
into the first group while those engaged in outdoor 
pursuits make up the second. Victims of poor housing, 
squalid conditions and other m a n i f e s t a t i o n s  of poor 
public hygiene comp rise the last group, which provides 
some of the greatest problems for a society atte mp ting  
to control this class of disease.
In terms of transmission, the arthropod vector 
has already been mentioned, but vectors are not always 
required. Direct a n i m a 1 - to-man infec tio n does occur, 
bites from infected dogs gives rise to rabies and 
veterina ri ans may suffer from Erythema b r u c e l l u m  after 
delivering  aborted foetuses from cows suffering from 
brucellosis. Remote t r ansmiss io n -also occurs as a 
result of contact with the excreta of infected animals, 
this being pa r t i c u l a r l y  relevant in the passage of 
leptospires, and is perhaps less easy to avoid than 
other methods of tra nsmissi on  becaus e the presence of 
infected mater ial such as urine is not usually obvious. 
In the case of Lep to s p i r a  this mode of dis se m i n a t i o n  
can put large numbers of people at risk, es pe ci ally in 
labour intensive industries such as rice, pea and s u gar­
cane harvest in g or fish and meat processing.
The common feature of the zoonoses, l epto­
spirosis being no exception, is the presenc e of a
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re ser voir of infection. This is more pr ope rly  
described from the point of view of the survival of the 
para si te as a stable relat io nship with one or more 
species of vertebrate, often referred to as a 'carrier 
species'. On a w o r l d - w i d e  scale, the various types of 
leptospire have many such hosts, but perhaps the best 
known example is the brown rat (Rattus n o r v é g i e n s ) 
w hi ch  harbours the ca usative agent of Weil's disease 
(serotype i c t e r o h a e m o r r h a g i a e ) . The m e c h a n i s m  of this 
r e l a t ions hi p is not un derstoo d but it is obvious that 
the rat can carry pa th ogenic  leptospires in the ki dne y 
tubules wit hou t itself suffering from the relationship. 
In the normal situation, these organisms will pro pa gate  
through the rat po pu l a t i o n  and have adapted so well for 
this mode of^ exist ence that they can tolerate the immune 
response in the form of humoral antibodies that the rat 
produces, even though these antibodies appear in the 
urine (Faine 1962). It is only when man or another 
susc ept ible animal becomes involved in this stable and 
hi ghly successful r el at ionshi p that disease results, 
purely as a result of the host and the para site not 
being adapted for co-existence.
It is now rec og ni sed that many diseases have 
a leptospiral aetio logy and the symptoms vary according 
to the host species, the serotype of leptospire as well 
as the initial health and age of the host and the
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vi rulen ce  of the leptospire. The vari at ions in 
symptoms are not suffic iently distinct to d i f f e r ­
entiate the serotype and it is now accepted that the 
genus produces e ss en tially similar lesions but to widely 
di fferi ng  degrees. Thus in man, the serotype sej roe 
is found to produce rela ti vely mild symptoms, serotype 
h e b d o m a d i s produces 'seven-day fever' which is a rather 
more severe illness often acc omp an ied by meningit is, and 
serotypes canicol a and ic t e r o h a e m o r r h a g i a e  are c h a r a c ­
terised by the pres ence of much more di st ressing 
s y m p t o m s .
Serotype canicola produces "C anico la fever" 
in man. Al t h o u g h  this disease is less severe than Weil's 
diseas e caused by serotype ict er o h a e m o r r h a g i a e  and is 
rarely fatal, it is ne ve rt heless a serious illness.
The onset is often very sudden and is charac te rised by 
shivering or rigors and severe headache. The patient 
soon becomes febrile, often sweating pr of usely and 
rapidl y weakens. Nausea, vomiting, pho tophobi a and 
m uscul ar  tenderness also occur early in the course of 
the disease. Irr ita tion of the meninges is often 
m a n if es te d by dizziness, confused mental state and 
stiffness of the neck. Often the eyes are affecte d to 
the extent of inj ection of the co nj unctiva and there 
may be a gen eralised skin rash for a time. Jaundic e in 
canicola fever is c o m pa ra tively rare but kidney damage
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is usual, though to wi de ly  differing degrees. The 
fever abates gra du ally after a period ranging from a 
day or two to over a week, after w hich relapses may 
occur or the patien t becomes convalescent, but remains 
weake n e d  for some months.
The most serious form of leptospirosis in 
humans is W e i l ’s disease. Serotype i c t e r o h a e m o r r h a g i a e , 
w hi ch  is found in all parts of the world, is the or ga nis m 
responsib le  for the malady. The symptoms are similar to, 
though more severe than, those produce d by canicol a 
fever and vary from patient to patient. The onset may 
be very dramati c and, according  to Broom (Alston & Broom, 
1958), patient s may even be able to relate the exact 
moment that they became ill. In other cases, the disease 
begins more slowly w h ic h may permit the patient to become 
seriously ill befo re a correct diagnosis is made. In 
its early stages, W e i l ’s disease produces symptoms which  
are common to a range of febrile illnesses. In temperate 
climates, influenza might be diagnosed, wherea s in the 
tropics diagnos is is more diffi cult due to the wide range 
of possibilities. Mild cases of the disease may produce 
no more than fever, but muscle tenderness, con junct iv itis 
and gas troen te ritis are commonly observed to some extent. 
In more serious cases, these symptoms are more pronounced. 
The ga strocnemius muse les may become so painful as to
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interfere with wa lking and abdominal pain may suggest 
appendicitis. The jaundice and h a e m orrhag e c h a r a c ­
teristic al ly ass oci ated with  the disease generally  
appear at the end of the first week of illness co n­
current with other signs of liver and kid ney damage 
such as azotaemia. At this stage, the danger to life 
is at its height. Dur ing the second week, the fever 
subsides, only to rise again giving the c h a r ac teristi c  
’saddleback' te mperature curve. Patients surviving 
into the third week are found to have antibodies in 
the blood and at this time the symptoms begin to fade 
and c o n va le scence  begins. Whilst c o n vales ce nce is 
protracted, strength is regained more rapidly than is 
the case with canicol a fever and re co ver y is usua lly 
complete, p e r s ist en ce of the effects of the disease 
being rare. The disease may man if est itself as a 
p r e d o m i n a n t l y  me ni ngeal form, with the other symptoms 
being present to a lesser extent. This form of the 
disease is re pu tedly never fatal and Buzzard and Wylie 
(1947) consider it to be linked with infection whilst 
bathing.
In parts of the wor ld where medical treatment 
is readily available these diseases no longer pose the 
threat that they once did. An ti biotic  treatment is 
often effective, though incorrect diagnosis or delay in 
the commen cem ent of me di c a t i o n  may still give the disease
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an opp ortun it y to produce severe symptoms. In less 
developed or in remote areas, leptospirosis may still 
take its toll, though the very nature of the situation  
makes the extent u n q u a n t i f i a b l e .
It may well be argued that the risk of 
pers ona l disease is not the greatest threat that l e p t o ­
spirosis poses to mankind. This is certainly true of 
communit ies  that rely he avily on animal prod u c t i v i t y 
for their livelihood. Le pt o s p i r o s i s  is capable of 
p r oduc in g disease in a wide va riety of dom estic l i v e ­
stock, disease which, though not always fatal, i n v a r ­
iably leads to a loss in production. In poorer 
countries, this is of great importance. Thus the 
problems of human and animal healtli are inseparab le 
and must be approac he d in a co -o rdinated manner if any 
progress of genuine and lasting benefi t is to be made.
In his review of leptospirosis in 1970, Michna 
divides the clinical ma n i f e s t a t i o n s  of the disease as 
it affects animals into four. The first category  is 
the sub-clinical infection, the affected animal may 
itself be only mi ld ly unwell, and appear normal to the 
owner. This condition can lead to such an animal 
passing the infection to the rest of the stock, which 
may well become more serio usl y affected, and also to 
humans in contact. The acute or sub-acute disease
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pr oduces much more mark ed symptoms, including anorexia, 
fever, jaundice and haemorrhage. La ct a t i n g  animals 
lose milk produ c t i o n  and death may occur, esp ec ia lly in 
young stock, due to kidney failure. The economic 
effects of such symptoms are obvious and stocks of 
s us ceptibl e animals such as pigs and cattle can be 
de cimated  in a short space of time. Of similar i m p o r ­
tance is the third category, that of r e prod uc tive 
disorders. Infertility, abortion, stillbir ths and n e o ­
natal m o r t a l i t y  have been at tr ibute d to leptospiral 
infection. Other symptoms such as h a e m o g l o b i n u r i a , 
fever, jaundice and reduced milk  yield, may also be 
observed. Such problems may occur singly or in 
epidemics as was seen in Gl as gow in the late I 9 6 0 ' s. 
This ou tb rea k of abo rtion and neo-nat al  mo r t a l i t y  
involved all the piggeries in the area, and until the 
source of infection, i.e. rat infestation, was dealt 
with, no attempts were made to breed pigs in the area. 
The final category is ocular disease, whi ch though a 
definit e symptom of leptospir al infection in an acute 
stage is also thought to have a leptospiral aetiol ogy 
in some conditions where the eyes alone are affected. 
The animals pr im ar ily affected are horses and the 
c ond ition produced is that of periodic opthalmia  or 
'm o o n b 1i n d n e s s '. The rel ationsh ip  bet ween leptospirae 
and this con dition is not abs ol utely clear, a high
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p r o po rtion  of animals suffering have antibodies  to 
lep tospirae but it is also true that antibodie s may be 
found in unaffecte d animals (Yager £_t aJ^  1950). The 
condition  has been prod uce d exper im e n t a l l y  by i n t r a ­
ocular in jec tion into young horses (Heusser 1952) so 
it would seem likely that moonb l i n d n e s s  is caused by 
leptospirae in some cases at least.
Most animals of domestic im portance are 
suscept ibl e to le ptospir osis to some extent. Cattle 
and pigs are probably the most co mmonly affected, 
b re eding difficult ies being the most com monly r e c o g ­
nised sign of infection. Twigg £_t a_l (1972) d e m o n ­
strated antibodies to various serotypes in the blood 
of cattle from the south of England. Most of these 
animals had no record of ill healt h in dicative of 
leptospiral infect ion and the authors suggest that a 
slight loss of prod u c t i o n  resul ting from the mild 
symptoms could rep resent a co nside ra ble economic loss 
when  viewed in terms of the national herd. In cattle, 
loss of pr od uc tion due to mild infections would be in 
terms of milk and meat, heavier infections would tend 
to affect reproduction. Pigs are affected in the same 
manner, and although the milk is not harvested directly, 
the v i abi li ty  of litters is dependant on its supply. 
Sheep and goats appear to be more resistant to infection 
though Michna (1970) quoted authors who report frank
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infection and serologica l evidence of infection from 
these animals in various parts of the world. Horses 
and dogs, whilst not being kept for their food value 
(at least primarily) are important to many communities  
as work in g animals. Both are susceptible to infection, 
abortion and general loss of co nditi on being the major 
symptoms. It is thought that horses are pa rti c u l a r l y  
susceptible to the ocular conditi on  of periodic 
opthalmia as a sequelae of leptospiral infection, 
though, as has already been mentioned, this point is 
still debatable. As well as being susceptible to 
grave illness, dogs, becaus e of their rel at ionsh ip  
with m a n , are in an extrem ely  favourable po si tion to 
infect humans if they are shedding leptospires.
As a result of the effects on human health 
and economy, coupled with the worl d - w i d e  incidence of 
leptospires in all their various forms, a great deal 
of effort has been expended in attempts to discover 
more about the epidemiology, pathogene sis and natural 
history of the genus. As has been described, l e p t o ­
spires are ma in tained by more or less stable r e l a t i o n ­
ships with 'carrier' species. The kidneys of these 
animals harbour colonies of leptospires, mainly  in the 
proximal and distal convoluted tubules (Twigg & Cox, 
1976) and from here they are passed to the outside via 
the urine. In order to succes sfull y parasit ise a new
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host, the leptospire has to survive the rigours of the 
external envi ro nment  and pe ne trate the defences of a 
susceptible animal thus gaining access to the b l o o d ­
stream where it can begin to multiply. Some of the 
problems encountered on this journey form the subject 
matter of this thesis. The impo rtance of water in the 
transmission of lepto spirosis is illu strat ed by the 
types of human occ up ation and r e c r e a t i o n  most at risk 
from inf ection as leptospires cannot survive in dry 
conditions (Okazaki & Ri ngen 1957). Thus in situations 
where a carrier species exists in an en vir onmen t used 
by humans for work or play there is a chance that the 
leptospires will be able to produce an infection, 
provided that enough moist ur e exists to support the 
org an is m whilst outside either host. Examples of 
rec rea ti onal activities where such a situation might 
exist include swimming, fishing and hunting. If 
accidental imm ersion is included in the same categor y 
as swimming then the high rate of infec tio n reporte d 
for Holland by Stiles and Sawyer (1942) can be connected 
to the high density of canals in that country. In Iowa 
an outb reak of disease caused by serotype pomona was 
traced back to a bathing pool fed by a stream used as 
a w ateri ng  place for cattle (Diesch & M c C u l l o c h  1966). 
The list of occupations that provide a similar risk is 
extensive and includes fishermen, ricefield workers.
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reed cutters, farmers, abattoir workers, cane cutters 
and divers (Stiles & Sawyer 1942). In recent times 
mi l i t a r y  person nel serving in V i e t n a m  have been known 
to become infected, many cases of pyrexia of unkn own 
origin (P.U.O.) were found to be due to leptospi ral 
infection wh en examined closely (Berman e_t a_l^  197 3 a,b).
In Britain, the o c c upat io n of sewer workers has been 
associated  with a high risk of infection by Weil's 
disease. The environm ent of a sewer is ideal for a 
popul a t i o n  of brown rat whic h can shed their lept os pire-  
infected urine into the p e r m ane nt ly wet surro undings 
with i n  which a su sce pti ble host has to work. In addition, 
some sewer wo rk involves the handling of rough m a teri al s 
w he n repai ring brickwork, etc., and this might be 
expecte d to produce small lesions f acilita ti ng infection. 
Risk of in fec tion has been reduced by the use of d i s i n f e c ­
tants at wor ks ites and the more thorough control of rat 
populations. In recent years, in cr easing do me sti c use 
of synthetic detergents may well have made the sewer 
system a less favour able place for the survival of 
leptospires, as these substances have been shown to be 
lep tos pi ricida l (Chang e_t aj^  1948).
It seems possible that leptospires are tra ns­
mitted to man directly by means of bites from infected 
animals such as rats, or from animals that have rece ntly 
killed such animals and therefore carry the o rga ni sm in
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the mouth. Dogs and ferrets are most fre quent ly  cited 
in this context (Stiles & Sawyer 1942). Direct infection 
from infected body fluids is also possible, and such 
professions as nursing, and v e t e r i n a r y  work, including 
animal breeders are at risk from this type of infec tion 
(Alston & Broom 1958). Coitus has been recorded as a 
pro bab le mode of infection in humans (Stiles & Sawyer 
1942) and e x p e riment al ly at least in livestock (Sleight 
& William s 1961; Jones 1958).
Infection via arthropod vectors may be possible 
for man and animals. Argasi d and Ixodid ticks have been 
shown to main ta in and pass leptospires under ex perimental 
conditions but their importance under natural conditions 
is not known (Burgdorfer & Pickens' 1954; Burgdorfer 1956 , 
1959).
Most authors, when wr it ing about the t r a n s ­
mis si on  of leptospirosis, use such terms as "leptospi res 
pe netrate through the skin and mucous membran es " or "via 
damaged, abraded or sodden skin" and they do so with 
some justification. As those people most frequent ly 
infected are found to have done work which involves 
exposing areas of skin to some degree of trauma in an 
environment containing the pathogen, it would seem 
eminently reasonable to assume this to be the portal of 
entry. In 1945, Stavitsky performed a series of e x p e r ­
iments to test this assumption  experimentally, and found
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that cultured leptospires were capable of pr od uc ing 
infections in guinea pigs, white rats, and mice when 
applied to most body surfaces. Only unbr oken skin 
and nasal mu cosa served to prevent infection. The 
present work was initiated to investiga te this very 
aspect of the t r ans mi ssion of the disease, though the 
intention was to discover more about the h o s t - p a r a s i te 
int er ac tion at the m i c r o s c o p i c  level. Sta vitsky also 
sectioned skin after exposure to leptospires, but he 
only had silver staining techniques at his disposal 
and the inadequacy  of such techniques was to be d e m o n ­
strated in the early stages of the present investigation. 
The aim of the wo rk descr ibed here was to examine the 
act of pene tr ation in as much detail as possible, using 
a var ie ty  of body surfaces. Initially, the techniques 
employed were simple but ine vitably became more s o p h i s ­
ticated as the various problems became apparent. Many 
experiments were perfor med as a natural consequence  of 
the main stream of research. Thus studies on motility, 
hya lu roni da se p r o duc ti on and reactions to pH and osmotic 
pressure were made, and though interesting  .in their own 
right, the results and observations obtained are most 
useful when compounded and viewed in the context of all 
the problems of pen et ra ting a new host. Such informa tion 
also helps in deciding to what extent various factors 
present in the host's body con tribute to the non -specif ic  
resistance to infection.
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The h o s t /parasite model chosen for this study 
was that of the Syrian golden hamster (M e so cricetu s 
a u r a t u s ) and serotype i c t e r o h a e m o r r h a g i a e . The hamster 
was considered to be a suitable host because of its 
susceptib il ity to leptosp irosis produc ed by many 
serotypes (Larson 1944; Randall & Cooper 1944). The 
animal has the add itional advantages of being small 
and inexpensive, and not too difficult to breed in 
suitable numbers. It remains su sc eptible throughout 
life, a feature that eases the probl em  of syn ch ronisi ng  
all the elements of an experiment. Its reputedly 
vicious nature was easily m o lli fi ed by sympathetic 
and frequent handlin g from as early an age as possible, 
an important point when handling  animals infected with  
a dangerous pathogen. Serotype icte r o h a e m o r r h a g i a e  
was used as a model parasite on account of its high 
degree of p a t h o g e n i c i t y  which, w h e n  combined wi th the 
high degree of su scepti bi lity of the hamster, was 
expected to produce a high p r o po rt ion of detect able  
infections even at low doses.
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SECTION 2
Exp eri ment to investigate the infective 
dose and the dose related survival time
2.1 Intro duction
This experiment was perf ormed in order to 
provi de a baseline for subsequent experiments where 
animals were to be infected in various ways and those 
infections allowed to become apparent. In such 
exper ime nts it is important to know the m i n i m u m  
numbers of ba ct eri a needed to initiate an infection 
and also to detect any dos e- de pendent  effects with 
regard to survival time so that on.e might be able to 
work backwards from survival times to numbers of 
invading organisms. The experiment was also designed 
to detect any difference in response bet wee n the 
sexes. It was noted that deaths did not occur evenly 
thr oughout the 2 4 hours of the day.
2.2 Method
Six groups of eight animals, half of each 
group male and the other half female, were infected 
with 0.5 ml.' of diluted culture. The culture was a 
seven-day primary culture and the dilutions were 
made under sterile conditions using peptone water as
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a diluent. The estimated dose rate ranged from 12.5 
to 500 organisms per animal and the injections were 
made with an all-glass syringe to avoid the po s s i b i l i t y  
of p ot en tially harmful substances being introduced by 
dispo sa ble equipment (see Appen di x 3). The animals 
were lightly an ae sthetised with ether to avoid the 
po s s ibilit y of traumatic damage and the infections 
started with the lowest dose, the syringe being filled 
and emptied several times in each subsequent dilution 
to avoid va ria ti on in dose.
The animals were checked every hour and were 
examined after death for gross lesions and for l e p t o ­
spires by dark ground microscopy. Animals surviving 
five weeks after infection were killed and samples of 
heart blood and kidney were cultured in Korthof's 
medium. Kidney was also frozen in 2-M ethyIbu ta ne 
cooled in liquid nitr ogen vapour for fluorescent 
antibody (F-A) examination. If more than one animal 
had survived, one or more were challenged wi th 0.5 ml. 
of activel y growing culture in order to detect poss ibl e 
immunity.
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2.3 Results
2.3.1 Infective dose and dose related survival time
Group Dose Died/8 Mean jurvival 
time - S .E . 
(Hour s )
Range
1 500 8 208 -  7.14 185-244
2 200 6 203 -  5. 39 192-224
3 100 7 205 - 3.67 192-217
4 50 7 221 - 7.52 201-256
5 25 5 228 - 17.66 207-291
6 12.5 4 248 - 9.71 223-265
These results were analysed to detect significant 
dif fer ences between  the groups. At 99% confide nce 
limits, the only significant difference in mean 
survival time was between groups (1) and (6),
(t=3.287). All other differen ces were not significant, 
even at the 95% level.
2.3.2 Analysis for different response betw ee n sexes
Tests on the data showed no differe nce  bet wee n the 
sexes, either in each group or as a whole at the 
95% level.
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2.3.2.1 Different response between sexes
Sex Number of ^ean survival time
animals - S.E. (Hours)
Male 19 215 - 6.31
Female 18 217 - 4.98
2.3.3 Time of day
Because the animals were examined every hour 
throughout the experiment, the time of death 
was recorded to the nearest hour. When the 
numb er of deaths occuring in each hour were 
plotted, it was seen that there were two periods 
during which the death rate whs highest. These 
aft er noon  and early morning peaks corresponds to 
the times when the animals are most active.
These results are expressed as a h i sto gr am (2.3.3.1)
2.3.4 Status of survivors
All surviving animals that were challenged five 
weeks after initial inocula tion died four days 
after challenge. Survivors killed after five 
weeks had titres of less than 1:10 at whi ch level 
it is not possible to ascribe the a g g lu ti nation  
to specific antibody. The kidneys produced 
ne gative results by cultural and F-A examin ation 
and they showed no obvious mic rosco pi c lesions.
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Figure 2.3.3.1
Histogram of number of deaths in each hour of the day
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2.4 Conclusions
Although a dose dependent survival time is 
dete cte d in this experiment, it is only significant 
b e t w e e n  the two extreme dose rates. As a large inoculum, 
such as is used for passage purposes, kills in four 
days, it may be assumed that even 500 organisms 
represents  a light dose and that, had the series been 
extended, a more meaning ful  relationship would have 
emerged. However, the purpose of this experiment was 
not to define such a relationship for its own sake, 
rather to see if such a relationship could be used for 
c al ib rating  survival times of animals sur viving eight 
to twelve days post infection. Clearly, this is not 
possible.
Baker & Baker (1970) performed a similar 
expe rim ent using serotype grippotyp hosa and found an 
inverse linear relation of log dose and death time.
Their doses ranged from 200,000 down to an estimated 
single organism, survival times being a little shorter 
than observed in the present experiment.
The chance observation that animals have a 
greater tendency to die during the periods of m a x i m u m  
a ct ivity adds a further complication to computing 
initial dose from survival time since death may be 
adva nce d or retarded several hours depending on the
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p os it ion of the crisis in the circadian rhythm of the 
a n i m a l .
The number of animals surviving an inoc ul ation 
increases with decreasing dose, but too few animals 
were used in this experiment to detect any definite 
trends. Baker & Baker (1970) also found this to be 
true and they were able to use groups of 40 animals. 
However, to use such a relationship, each subsequent 
exper ime nt would also have to be performed on similar 
numbers whi ch  would make them too large and expensive 
to be practicable. The fact that half of the animals 
in the group receiving the lowest dose died shows 
that a very small number of organisms is able to 
initiate an infection. Baker & Baker (1970) suggest 
that a single organism is sufficient and the present 
e xp eri men t does not preclude this possibility.
The equality of susceptibility of the sexes means 
that the sex of an animal need not be considered as a 
factor influencing infection in future experiments.
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SECTION 3
The production  of hyalu ro nidas e by
leptospires as an aid to penetrat ion
3.1.1 Introduction
The formation of hya lu ronidas e by certain 
bacte r i a  is well known, for example C l o s t ridiu m  
we lc hi i and Staphylococcus a u r e u s . Enzymes capable of 
brea ki ng down intercellular cementing substances are 
of obvious value to an invading b a c terium  but it is 
not clear whether the Lepto spira possess the ca pabili ty  
to produce such substances. The idea that p a t h o g e n i c i t y  
might be 1 inked to the ability to .produce h y a l u r on idase 
is an att ractive one and was suggested in the results 
obtained by Volland & Brede (1951) who used visco- 
simetric and spreading factor techniques to examine 
ce ll -f ree filtrates of a number of serotypes. Later 
experiments reported by Miller e_t aj^  (1970) failed to 
de m o n st rate any hyaluronidase in organisms capable of 
p r oduc in g cytopathic effects in L-cell monolayers.
Two methods have been used in this study in an attempt 
to de monstrate the presence of hyaluro nidase in serotype 
icterohaemorrhagiae.
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3.1.2 Methods
3• 1 • 2.1 U.V. spec trophotom etry of b r eakdown  
products
This method, devised by Nakada e_t ^  (1960), 
relies on the elevation of optical density of a 
mixture of m ucopoly sa ccharid e and h y a l u r oni da se 
as a result of the release of certain b r e a k d o w n  
products which absorb strongly at 232 nm.
These are thought to be u n saturated dis ac charide s
Materials
Buffer:
Substrate : 
Enzyme :
0.25M. Sodium ac et ate/acetic acid 
p H . 6.0
Hyaluronic acid- (B.D.H.) 3 mg.ml
Hyaluronidase (B.D.H.)
-1
Procedure
Each of two 2 ml. quartz cuvettes was filled as 
described below:-
Blank cuvette Sample cuvette
Buffer 0.9
Substrate 0.0 
Buf f er 
Enzyme
0.9,
1. r
Buff er 0.7
2.0 ml
Substrate 0.2'
Buffer
Enzyme
0.9s
1. 1'
2.0 ml
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The contents of the cuvettes were stirred with 
small glass paddles and the change in ab sorpti on  
at 232 nm. was recorded on a Beckman DB-G 
spect rop hotomet er fitted with a flatbed recorder.
3.1.2.2 Colourimetric me asurement of b r ea kd own 
products
Bonner & Cantey (1966) described an assay method 
which utilises the release of N - a c e t y I g l u c o s a m i n e  
end groups, which are liberated during the 
enzymic degradation of hyaluro nic acid. These 
can be reacted with p - d i m e t h y l a m i n o b e n z a l d e h y d e  
to produce a coloured compound in a qu anti ta tive 
m a n n e r .
Mater ials
Buffer: 0.3M acetate plus' 0.45M NaCl.
pH. (when diluted threefold) 3.5 
K tetraborate. 0.8M in de-ionised water.
- 1
Substrate: Hyaluronic acid (B.D.H.) 4 mg.ml 
in de-ionised water 
p - D i m e thylaminob enz aldehyd e (p-DMAB) (B.D.H.
'A n a l a r ')
10 g . dissolved in 12.5 ml. conc. HCl 
and made up to 100 ml. with glacial 
acetic acid. Of this stock solution.
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1 ml. was added to 9 ml. glacial 
acetic acid.
Standard N - a c ety 1- D-gluco sa mine (N-a-D-g)
(Fluka. puriss.) O.OIM (2.21 g. l“ ^) 
in de-ionised water diluted to the 
required strength with the same. 
Enzyme: Standard hyaluronidas e (B.D.H.)
Ovine testes 350-500 i.u. 1 mg.ml  ^
in 0.15M NaCl, 0.5% gum arabic 
stabiliser.
Pr eserv at ion of solutions. Buffers and N-a- D- g
were made with 1 mg./lO O m l .Thi omersal 
■ (K ola r o v a , 19 69).
Procedure
The basic method is as follows, and mo di fic a t i o n s 
were made as indicated by the various experiments
Each assay was made in triplicate. The assay 
mi xtu re consisted of substrate, enzyme and 
buffer in 0.1 ml. volumes. The control was 
prepared in the same manner with the enzyme 
being added after the incubation period. Incu­
bation was for 18 hours at 37°C in a water bath. 
At the end of incubation, the tubes were boiled 
for 3 minutes and, after cooling, 60 j i l , of the 
pot assiu m tetraborate was added. This was
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followed by a further period of 3 minutes in 
boiling water, after which time 2 ml. of the 
p-DMAB reagent was added. The tubes were held 
at 37 C for 20 minutes to develop the colour 
after which they were placed in ice/water to 
preserve the coloured product. After c e n t r i ­
fugation the supernatant was aspirated into a
10 mm. cuvette and the O.D. was read off.
j oO
The control tube was used as the re feren ce in 
the Beckman DB-G specrophotometer used in these 
determinations. The O.D.^__ values were read
J  O Ü
off against a curve prepared with the standard 
N-a-D-g solutions.
Ca lib ration
Dilutions of the stock N-a-D-g were made so that 
a known amount was present in 300 y 1. whi ch is 
the volume of the reagents used in the assay 
procedure. It was found that if more that 0.4 
of N-a-D-g was present, the colour developed was 
too dense to enable accurate mea su remen ts to be 
made. The assay was made using 10 steps in the 
range of 0.025 to 0.4 ^M. For calibration, the 
incubation step was omitted and the reaction 
started at the first boiling. Inspection of the 
curve produced indicates that the optimu m range
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of the assay is in the range of 200 nanomoles 
down to 25 nanomoles of N - a - D — g per sample, 
thereby providing a high degree of sensitivity. 
(See figure 3.1.2.2.1).
3.1.2.2.2 Experiment to detect the d e g r ad at ion 
of hyaluronic acid by actively 
growing leptospires
To allow for the possibilit y that the or ga n i s m  
is induced to produce hyalu ro nidas e by the 
presence of the substrate, the following 
pr ocedure was carried out:
To tubes containing 7 ml of K o r t h o f ’s me dium
was added 0.4 ml. sterile hya luronic acid
solution so that each tube contained 0.22 mg.ml
of substrate. Three tubes were seeded with two
drops of serotype icter oha emorrhagi ae culture,
and three with two drops of serotype b i f l e x a .
Three controls and one blank were included, one
of the controls was not given any culture but
_ 2
was given 1 mg.ml of hyaluro nidase 24 hours 
before the end of incubation. All tubes were 
incubated at 28°C for 14 days and on day 6 a 
loop of culture was transferred from each tube to 
a fresh medium to check axenicity. At the end 
of incubation, the tubes were boiled to stop the
-1
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reaction and the tubes were stored at -20^C 
until required. For the determination, the tubes 
were thawed and 2 ml. was taken from each and 
transferred to a freeze dryer phial and 
lyophilised overnight. The material was r e ­
dis solved in 0.3 ml. of de-ionised water. The 
p-DMAB reaction was carried out as described 
and the O.D.^gQ was read against blank tube 
No. 3.
3.1.3 Results
3.1.3.1 U.V. spectrophotometry
De spi te numerous attempts, during which all the 
var iab le parameters were varied, no significant 
increase in absorption at 232 nm. was observed. 
The same was true when leptospiral culture was 
used instead of enzyme.
3.1.3.2 Colourimetry
Results are presented in table 3.1.3.2.1.
52
Figure 3.1.2.2.1
Calibration graph for colourimetric estimation of hyaluronidase
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3.1. 3.2.1 De te ction of h y a l u r onidas e by 
colourime try
Tube %T
No.
1 Control - no culture 0.02 : 95.5
2 Control - no substrate 0.00 100
3 Blank - no treatment 0.00 100
4 Control - enzyme added 1. 50 6. 25
5 Test - ict ero haem orrhag ia e 0.0075 98
6 Test - ict ero haem orrhag ia e 0.045 92.5
7 Test - ic teroh aem orrha giae 0.050 88.5
8 Test - biflexa 0.020 95
9 Test - biflexa 0.0275 94
10 Test - b i flexa 0.0275 94
3.1.4 Conclusions
The failure of the U.V. method to d e m o nst ra te  
the activity of an enzyme of proven activity is not 
easily explained. The same sample of h y a l u r on idase was 
used in the colourimetric method and its activity d e m o n ­
strated. The reaction mixture was left to react for up 
to 12 hours without any increase in optical density 
being observed. It is possible that the enzyme used in 
the work of Nakada et al (1960) cleaved the substrate
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in a diffe rent manner to the enzyme used here.
The results given by the co lourim et ric me tho d 
indicat e that there is no h y a l u r on idase produced by 
the strains tested. The slight colour produce d is 
ind ep en dent of the presenc e of leptospires and is 
pr ob a b l y  due to chemical hydroly sis of the substrate. 
It is also very difficult to remove all traces of 
tu rbi dity from the samples and any still present will 
have an effect on the reading.
These results are at varianc e with those p u b ­
lished by Volland & Brede (1951), who found h y a l u r ­
on ida se activity in many strains and claimed that the 
degree of this activity was related to virulence. It 
is po ssible that different strains vary in their c a p ­
acity to produce the enzyme but it may be that the 
te chniques of viscosim et ry and wheal forma tion using 
T ry p a n  Blue are affected by factors other than those 
m e a s u r e d  by the p-DMAB method.
3.2 Infection via epithelia
3.2.1 Int roduction
In common with all parasites, leptospires 
have to pass from one host to another. This experiment 
exa mines the process of penetrati ng the outer surfaces
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of the mammal including the linings of the diges tive 
and uri no genita l tracts.
3.2.2 Method s
3.2.2.1 Fate of Instillâtes
Conditions of in stillatio n were as far as po ssible  
duplicated using fl uorescein  di ssolved in 
phosphate  buffered saline (P.B.S.) in order to 
discover the fate of culture ins ti llated  in 
subsequent experiments. Object ions to this 
method include the possible differ en ce in surface 
tension bet ween  the dye and culture fluids, and 
the time allowed for the dye to spread. The 
animals were dissected and examined with the aid 
of a Mine ra lite U.V.S. 11 lamp and any f l u o r e s c e n c e  
n o t e d .
3.2.2.1.1 Fate of gastric instillâtes
Animals were anaesthetis ed with Nemb utal wi th out  
prior fasting and 0.1 ml. of dye solution was 
passed into the stomach via Po rtex PP30 plastic  
tubing (outside diameter - 1mm.). This tube had 
a bevelle d leading end and any sharp edges were 
removed. No more than 7 cm. was req uired to 
reach beyond the cardiac sphincter. Immedia te ly 
the tube was withdrawn, dye was observed in the 
mouth as a result of being carried there by the
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tip of the tube. After one hour, the animals 
were killed by i/c Nembutal and examined as 
described. Dye was found in the mouth, larynx, 
trachea (possibly a trace in the lungs), 
oesophagus, stomach and gut as far as the caecum. 
Some animals tended to cough i mme di ately after 
intubation and dye appeared at the nostrils.
3.2.2.1.2 Fate of nasal instillâtes
Animals were anae sth etised with Nembuta l without 
prior fasting and 5 ) i l . of dye was instilled 
into each nostril. After one hour, exam i n a t i o n  
revealed dye in the mou th and throat as far as 
the larynx although none was detected in the 
trachea or lungs. Dye was noted in the front of 
the mouth immediately after in st il lation  and 
greasing the upper lip of the animal to prevent 
the flow of dye down the channel under the nose 
did not alter this. Careful exami na tion showed 
that the ducts of the Jacobsons organ was 
responsible for passing the dye from nose to 
mouth. Subsequent experiments showed that a 
small piece of dental bandage ( ' O r a h e s i v e ’ Squibb) 
affixed to the palate over the ducts prev ented 
this flow and was well tolerated by the animals 
on recovery, being observed intact one hour after
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recovery in animals that fed normally.
The results obtained using una na e s t h e t i s e d  
animals were similar except that it was more 
difficult to ensure that all the instillat e 
entered the nose as the animal quite n a t u r a l l y  
tended to shake its head. Dye s u bs equentl y  
entered the mou th as a result of the tongue 
and paws being used in groomin g the face.
3.2.2.2 The removal of fur
For most of the experiments where skin is to be 
tested, a hair free surface is required. The 
m et hod employed must not leave the skin in a 
damaged condition as even micros co pic lesions 
could have an effect on the result obtained.
The use of chemical depilators was avoided as 
their action on the kera ti nised  surface is 
un predi ct able and they may leave traces of 
substances with possible leptospir icidal actions 
It was found that with sufficient practice 
careful use of electric clippers gave a good 
finish with the m in imum of damage to the skin 
surface. The skin was left for at least 2 4 
hours before an experiment to allow any m i c r o ­
scopic lesions to heal.
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3.2.2,3 Prod u c t i o n  of graded skin damage
The lightest damage was taken to be freshly 
shaved skin, free from visible lesions. More 
severe d i s rupt io n was produced by abrading  
the shaven skin with a scalpel blade in a 
scraping manner only hard enough to disrupt 
the keratinise d layer, but not hard enough to 
draw blood. The most severe level of damage 
was produced by drawing a sharp scalpel over 
the skin in a cutting manner so as to cut 
through the keratinised layer and enter the 
fibrous layer immediately deep to the germinal 
layer. This was performed with the aid of lOX 
dis se ctin g binoculars.
Int erm ediate damage was produced by p r o g re ss ive 
d e s q u a m a t i o n  of skin shaved 48 hours p r e vi ou sly 
using the method described by Pinkus (1951). 
Animals anaestheti sed with Nembutal were laid 
supine and the patch of shaven belly skin was 
examined for an area free from long hair and 
obvious damage. This was as close to the m i d ­
line and as low down the abdomen as possibl e 
avoiding too close proximity to the genitals and 
teats. Repeated app lication of a se lf- adhes ive 
ce llulose tape (Sellotape) each time carefully
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peeling the tape off the skin, removed a single 
layer of keratinised cells each time. Groups of 
animals were subjected to an incr easing number 
of strippings to a m a x im um  of 21. At this level 
patches of the skin looked more shiny and were 
more difficult to wet. There was no we tness or 
bleeding and the remaining portion  of the 
epidermis appeared intact.
In all cases culture was dropped onto the 
prepared surface and spread with a blunt i n s t r u ­
ment, avoiding pressure on the skin. After 45 
minutes, the culture was removed with cotton 
wool and the animals were allowed to recover.
3.2.2.4 Unmodified body surfaces
3.2.2.4.1 Buccal epithelium
The animals were fed 10 ^1. of culture from a 
microsyrin ge  fitted with a plastic end to prevent 
injury to the animal if it should bite on the tip 
of the glass bore. No anaesthetic was used.
3.2.2.4.2 Nasal epithelium (unanaesthetised)
Animals were anaesthetised with ap pr ox imatel y  
half the normal dose of Nembutal and a small piece 
of dental bandage was fixed over the ducts of the
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Jacobson's organ. The animals were allowed to 
recover fully and the instillation was per fo rmed 
using a plastic tipped microsyringe. The upper 
lip was lightly smeared with castor oil to prevent 
the downward spread of culture, 5 j i l , of w hic h 
was instilled into each nostril. The animals 
n a tura ll y tended to shake their heads v i o l e n t l y  
w h ic h caused droplets of culture to fly off the , 
nose, the tongue and paws being used in a grooming 
action.
3.2.2.4.3 Conj une t iva
The animals were lightly anae st hetis ed wit h ether 
and 5 ^1. of culture was dropped into the right 
eye. The animals were frequently checked to 
ensure that no irritation was caused by this 
procedure.
3.2.2.4.4 Skin
The animals were anaesthetised with Nembutal and 
laid supine. The abdominal skin was examined 
for presence of lesions and if none were found 
the animal was used in the experiment. Culture 
was put on the skin with a dropper and spread 
w i t h  a blunt instrument so as to wet the fur and 
reach the skin below. Direct pressure was avoided.
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3 . 2 . 2.4.5 Vagina
The animals were anae sthetised  with Nembutal  
and the condition of the vagina was noted. A 
small bulb ended glass rod was dipped into 
Korthof's me di um  and the vagina was gently 
dilated. 10 yjl. of culture was instilled 
into the vagina with a Pasteur pipette, the 
end of which had been flamed smooth.
3.2.2.4.6 Male external genitalia
The animals were anaesthetised with Nembut al 
and laid supine. The penis was gently expressed 
and 10 ^1. of culture was laid on the exposed 
tissue. When all the tissue was seen to have 
been wetted, the penis was allowed to retract 
and the animal laid on its side to recover.
3.2.2.4.7 Nasal epi thelium (anaesthetised)
Animals were anaesthetised with Nem butal and a 
small piece of dental bandage was fixed over 
the ducts of the Jacobson's organ. 5 ^1. of 
culture was instilled into each nostril with a 
microsyringe. Any excess was absorbed with 
cotton wool and the animals were laid on one 
side to help prevent culture entering the 
throat and lungs.
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3.2.2.4.8 Gastric intubation
The animals w e r e  allowed to feed n or mally up to 
the time of the experiment when they were 
anaesthet is ed with Nembutal. About 0.2 ml. of 
culture was passed into the stomach via a 
P o rt ex PP30 plastic tube (outside diameter - 1mm) 
attached to a microsyringe. The tip of the tube 
was bevelled and any sharp edges were removed 
and all other possible precautions taken to 
avoid traumatic damage to the delicat e tissues 
i n v o l v e d .
3.2.2.4.9 Rectum
The animals were anaesthetis ed with Nem bu tal 
and the anus was dilated with a small bulb- 
ended glass rod, dipped in Korthof's medium.
10 j i l ,  of culture was instilled into the rectum 
using a Pasteur pipette, the end of which had 
been flamed smooth.
3.2.2.5 Detection of infection
The animals were examined frequently during 
the course of the experiment, dead animals 
be ing taken from the cages as soon as poss ibl e 
to avoid cannibalism. Such animals were 
examined as soon as possible after death to
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e sta blish the presence of leptospires.
Typical lesions of the disease were noted, 
i.e. petechial hae mo rrhage of the lung, 
icterus of the skin and enlargement of the 
spleen, but the presence of leptospires in 
one or more of the tissues when examined under 
the dark-gro und mic rosco pe  was the only c r i terion 
taken as positive proof of infection. After 14 
days, the survivors were killed and examined as 
follows:
Any abnormal ities apparent to the naked eye were 
noted and a kidney was taken and frozen for 
examination, using the F-A method. Such e x a m ­
ination was considered to indicate an in fecti on 
if either recognizable leptospires were seen or 
if a strong fluorescence formed diffuse patches 
over the section. That leptospiral infection 
causes such diffuse fluorescence is shown by 
sub sequent experiments (Appendix 1).
3.2.3 Results
In spection of table 3.2.3.1 shows unmod ified 
surfaces to be pervious to leptospires to a variable 
extent. Only conjunctiva and male external genitalia 
did not produce evidence of penetration, all other 
tissues gave a low rate of infection except for rectal
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ep i t h e l i u m  and nasal ep ithelium in the a n a es th etised  
animals, where a much higher rate was observed. Any  
damage to the skin increased the rate of infection.
No ill effects were observed in any of the control 
animals w h ich were exposed to sterile Korthof's medium.
3.2.3.1 Inf ection via epithelia
Normal 
ep ithelia
Number Died N o n ­
tested apparent
infections
Total
infected
Skin 6
Conj un ctiva 6
Nasal (unanaes- 6
thetised)
Nasal (anaes- 6
thetised)
Stomach 6
Re ct um 6
Va gi na  6
Male external 6
genitalia
Buccal 6
M od if ied Skin
Shaved skin 13
Single incision 6 
(5 min. exposure)
Abraded skin
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D es qu amated  skin Number
Tested
Died
3 strippings 
6 strippings 
9 strippings 
12 strippings 
15 strippings 
18 strippings 
21 strippings
Non-
apparent 
inf ect ions
Total
infected
3.2.4 Conclusions
The importance of not relying solely upon fatal 
infections in evaluating these experiments is amply 
demonst rated, the kidney is the last organ to bear 
distinct evidence of an infection that the animal has 
overcome. Patches of bright fluorescence without any 
st ru ctures that could be taken for leptospires are seen 
wh e n  such kidneys are sectioned and stained with 
labelled antibody, the microscopic structure of these 
sections is also seen to be altered as a result of the 
infection. Thus a combination of fatalities together 
with the inapparent infections gives an accurate e s t i m ­
ation of total infection rate.
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The infecting medium used in these experiments was 
whole culture at a density of 180 to 300 millions per ml. and 
therefore it is not unreasonable to suggest that the doses 
given were larger than those encountered in nature. With this 
in mind, it would seem that leptospires are not very efficient 
at penetrating intact surfaces, lending weight to the theory 
that they require an existing lesion to gain entry to the host. 
Only conjunctiva and male external genitalia resisted penetration, 
though samples of six animals are not large enough to prove that 
a tissue is impervious. Although the epithelia involved are 
delicate, particularly conjunctiva, both are well protected from 
trauma and this may well provide an explanation for the result.
On the other hand, nasal, rectal and vaginal epithelia are not 
exposed to trauma and yet they admitted leptospires. In the 
case of nasal epithelium, penetration only occurred to a great 
extent when the animals were anaesthetised, probably as a result 
of the abolition of the coughing reflex and an unnatural posture 
allowing culture to enter sinuses and airways that would not 
normally be accessible. This theory is not supported by fluor­
escent tracing of instillâtes and more subtle effects of the 
anaesthetic on the protective qualities of the nasal secretions, 
for instance, may be of greater importance. The nasal route is 
shown to be a possible one in normal animals but it is not 
possible to say how anaesthesia enhances the process. The 
epithelium of the vagina is keratinized and is less pervious 
than the non-keratinized rectum. Both these epithelia have a
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mucus secretion which may be protective to some extent, 
vaginal pH may have special importance and will vary according 
to the animal's breeding condition. At this stage it is not 
possible to say how long the leptospires remain viable in 
either state and, therefore, how far into the system they are 
able to reach.
In the mouth, abrasions are always possible due to 
the action of sharp particles in the food, and not all surfaces 
bear a keratin layer, thus a low rate of infection is to be 
expected. The stomach is highly acid and the low rate of 
infection found here is more likely to be due to traumatic 
damage to the epithelial linings of the throat and oesophagus 
than penetration of the gastric mucosa itself. Though the two 
most easily penetrable epithelia were in fact non-keratinized, 
keratinization does not provide a feature by which epithelia 
may be divided in terms of penetrability. It does appear that 
an intact keratin layer is one factor that confers protection 
and when this layer is disrupted, as it was in this experiment 
by incision, abrasion, or shaving, the rate of infection rose 
accordingly. Progressive desquamation of skin did not produce 
a progressive increase in infection, such increase as was 
observed probably being due to the production of microscopic 
lesions by the adhesive tape pulling on hair and other irreg­
ularities in the skin.
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These experiments indicate that it is not the 
actual thickness of a keratin layer that is important in the 
resistance of infection except that a thick layer will resist 
trauma better than a thin layer and, by virtue of remaining 
intact, present a barrier.
The pattern of infection seen in these experiments 
is in accord with the natural incidence of disease in humans, 
that is to say, those occupations with a high incidence most 
often expose the skin to trauma in an infective situation. For 
instance, it is known that sewermen who repair brickwork are 
more at risk than workers employed in ’flushing’, the latter 
process not requiring the handling of abrasive materials.
(Stiles & Sawyer, 1942; Alston & Broom, 1958). Stavitsky (1945) 
obtained similar results in experiments using rats, mice and 
guinea pigs, in that he found that infection could be initiated 
via many of the body surfaces. The present experiments add
normal skin and the nasal route to the list.
3.3 Histological demonstration of penetration
3.3.1 The detection of leptospiral penetration into live
epithelia using silver staining to locate the organism
3.3.1.1 Introduction
This series of experiments was an attempt to discover
more about the detail of the methods used by leptospires
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to invade a host animal. The basic intention was to 
present a living epithelium to a virulent culture in 
such a manner that the leptospires would exhibit such 
powers of invasion as they possess and then to examine 
that tissue by histological methods.
3.3.1.2 Methods
The experiments were carried out in a perspex chamber 
prepared as described below (figure 3.3.1.2.1). A 
rectangular block was drilled with two holes meeting 
at right angles in the centre of the block. One hole 
led to the top of the block and was tapped to take a 
screw stopper. The other hole led to the face of the 
tissue when this was in position, the cavity thus produced 
could be filled with the desired culture. This block 
was provided with long screws that would accept a further 
block, thus sandwiching the tissue and forming a sealed 
unit. The latter block was also drilled out and the space 
formed could be filled with circulating Ringer Locke.
Thus tissue could be suspended with the surface epithelium 
facing an active culture, whilst the other side was bathed 
in a physiological solution, thus approaching natural 
conditions.
A block of machined perspex, identical to the one 
containing Ringer Locke behind the tissue, was placed on 
the opposite face of the main block. This additional
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block also contained circulating Ringer Locke, the 
purpose of which was to maintain physiological conditions 
in the culture medium throughout the experiment, by 
exchanging oxygen and metabolites through a membrane 
filter.
The temperature of the apparatus was controlled by 
(a) circulating a stream of water from a thermostat 
through a drilling in the perspex, (b) keeping the 
whole apparatus in a metal tray immersed in the same 
thermostat bath, (c) circulating the Ringer Locke 
through plastic piping immersed in the same bath (see 
figure 3.3.1.2.2).
The rats used as a source of tissue were killed by a 
blow on^the head and the tissue excised immediately, 
to be placed in warm Ringer Locke. The tissue was loaded 
into the chamber and a good seal was checked for by 
allowing the Ringer Locke to circulate. In order to 
prevent the excised tissue rolling up, small hooks, 
forged from 25G hypodermic needles, attached to fine 
’Nichrome’ wire, were used. These hooks were attached 
to the tissue before excision and the ends of the wires 
were fixed to a circular frame made from tinned copper. 
When the tissue had been excised, the frame could be 
gently deformed, thus flattening the tisue and holding 
it flat while the perspex chamber was fitted. Wien all
72
Figure 3.3.1.2,1
Chamber used during in vitro penetration experiments
(a) Chamber fully assembled .
(b) Chamber opened up to show side blocks for containing 
circulating Ringer Locke withdrawn from the main block 
for containing the culture
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Figure 3.3.1.2.2 
Penetration chamber in situ
(a) Chamber in the thermostat bath showing connections
(b) View of experimental assembly
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was ready, the culture was injected into the chamber 
and the stopper screwed in place.
At the end of the timed period the tissue was pinned onto 
cork with hedgehog spines and fixed in 10% formol saline. 
The hooks were removed at this stage. The chamber was 
immersed in hot soapy water to decontaminate it, after 
which it was thoroughly rinsed and dried.
Tissue so treated was embedded in wax and sectioned in 
the standard manner at 7-10 jam. Difficult tissue was 
double embedded in celloidin/wax. Levaditi's method 
was used to stain the tissues.
The above method was not used in the case of the penis 
where the urethra was exposed by filling it with culture 
and clamping both ends, the whole preparation being 
immersed in warm Ringer Locke.
3.3.1.3 Results
The tissues tested and the times of exposure are listed 
below:
Cheek 1,2,3,4
Oesophagus 1,2
Vagina 1,2
Rectum 1,2
Penis 1,2
Skin 1,2 (2 hour sample was 
scarified)
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Examination of the whole of the exposed surface of these 
tissues failed to discover any definite leptospires, 
though there were filaments that might have been taken 
for the organism (see figure 3.3.1.3.1).
3.3.1.4 Conclusions
The chief objection to this method of investigation is 
that the tissue is damaged both in the process of excision 
and also in the chamber. The tissue was always too thick 
for proper physiological conditions to be maintained.
Thus, the surface layers became disrupted and did not 
present a natural barrier to penetration and the preser­
vation of detail in histological terms was poor. It was 
on these grounds that vitro experiments were stopped 
in favour of in vivo methods, where it was also hoped 
that better tissue preservation would diminish the non­
specificity of the silver staining.
3.3.2 Experiments in vivo to detect leptospiral penetration 
using silver staining to locate the organism
3.3.2.1 Introduction
These experiments have the same aim as the in vitro series, 
it being hoped that an in vivo system would give more 
natural conditions and, therefore, more meaningful results. 
The expected improvement in tissue preservation was
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Figure 3.3.1.3.1
Sections of tissue from ^  vitro penetration experiment stained 
by Levaditi’s method
(a) Leptospire-like strand in dermis (Rat cheek)
(b) Leptospire-like strand attached to surface of tissue, 
showing typical 'beaded' structure (Rat cheek)
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Figure ,3. 3,1. 3,1
(c) Beaded strands in control tissue (Rat cheek)
(d) Thin continuous strands in control tissue (Rat rectum)
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anticipated to help in the production of good-quality 
slides, which would be more easily interpreted.
3.3.2.2 Methods
Rabbits, anaesthetised with Nembutal, were exposed to 
virulent leptospires at various points on the body, as 
described below. At the end of the stated period, the 
animals were killed by an overdose of Nembutal and the 
test tissues excised and treated as in the vitro 
experiments to demonstrate the presence of invading 
organisms. Control tissue was taken from the same 
animals but from a site not exposed to leptospires.
Ear and belly skin was prepared by shaving with electric 
clippers taking care not to damage the skin surface.
The virulent culture was applied to the surface in the 
cavity of the hub of a 19G hypodermic needle, sealed to 
the skin surface with dental bandage (’Orabesive* Squibb). 
This device localised the exposure and prevented evap­
oration of the culture (see figure 3.3.2.2.1). The 
epithelium on the inside of the cheek was exposed using 
the same device with the aid of a perspex clamp/holder 
used to introduce the chamber into the confined space and 
to apply the gentle pressure needed to seal the bandage 
to the mucosa. Vagina and rectum were exposed by 
introducing culture into the lumen with a Pasteur pipette, 
the end of which had been flamed smooth.
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19 s.w.g. needle
Plastic hub
Culture injection port
Dental bandage
Skin of animal
3.3.2.2.1 Device for localising culture during in vivo penetration experiments
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3.3.2.3 Results
The clearest results were given by the cheek tissue, 
other tissues tended to stain more deeply overall and 
contain granular material, making them very difficult 
to interpret.
The cheek tissue was found to contain slender black 
threads, mainly in the epidermal pegs, very much 
resembling leptospires (see figure 3.3.2.3.1 (a)).
These threads were also seen to run together, far 
exceeding the length of any individual leptospire, 
but it was thought possible that many organisms might 
have lined up in a line of weakness (see figure 3.3.2.3.1(b)) 
The observation of identical structures in control tissue 
stained both by Levaditi's method and Holmes*s method 
(1947), which is specific for nerve axons, is taken to 
mean that these threads are indeed nervous tissue (see 
figure 3.3.2.3.1 (c), (d), (e)).
3.3.2.4 Conclusions
In spite of the far superior preservation of the tissue 
produced by the vivo method, the non-specificity of 
the stain used meant that, even if penetration had taken 
place, it would not have been possible to differentiate 
between nerves and leptospires with any certainty.
Possibly, a more sophisticated silver staining technique
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would have pro duced better results but it was 
felt that the development of immuno histo lo gical  
methods would be more fruitful. One of the 
difficulti es encountered in this experiment was 
that of pr oducing  good sections from tissue 
such as skin which  is ordinar ily a difficult 
tissue to section and was made even more 
ref ra ct ory by the harsh conditions en countered 
in the Lev adi ti.tec hn ique. _
3.3.3 In vivo experiment s to investigate leptospiral 
pene t r a t i o n  using imm unoh istolo gi cal techniques 
to locate the o rgan is m
3 . 3 . 3 .. 1 Int roduct io n
In ve s t i g a t i o n  of leptospiral p ene tr ation using 
silver stains to trace the org ani sm was frustrated 
by the n o n - s p e c i f i c i t y  of the techniques. The 
single leptospire is so slender that any u n ­
wante d staining of nerves, fibres and nuclei, etc., 
or even lines produced  by optical re fr actio n of 
u nst ained fibres or capillary walls, makes the 
locating of such a minut e object virtually 
impossible. Even if such an object is seen, it 
is never poss ible to be absol utely confident that 
it is a leptospire on m o r p h o logic al  grounds
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Figure 3.3.2,3.1
Sections of tissue from in vivo penetration experiments
(a) Fine dark strands below stratum germinativum 
(Rat cheek, Levaditi's staining method)
(b) Similar strands to (a) joining into len-gths greater than 
would be expected of leptospires (Rat cheek, Levaditi's 
staining method)
/
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Figure 3.3.2.3.1
Ce) Strands similar to (a) in control tissue 
(Rat cheek, Levaditi's staining method)
(d) Strands similar to (b) in control tissue 
(Rat cheek, Levaditi's method)
1
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Figure 3.3.2.3.1
(e) Fine nerve fibres below stratum germinativum 
stained by Holmes' method
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because the metallic deposit often hides the fine 
structure, namely the helical nature of the cell, 
and further confusion arises when fine nerve 
fibres appear as a row of closely packed dots 
because the m i c ro sc ope tends to resolve the l e p t o ­
spiral helix as a similar image. The main virtue 
of labelled antibody techniques is that by the 
use of suitable controls they are rendered specific 
and because the lep tospire has such a unique 
morphology, even unwanted staining or, in the case 
of fluor escent methods, tissue a u tofluo re scence 
rarely produces immages that, with good m i c r o ­
scopical technique, cannot be told apart from the 
organism. With such a sensitive technique 
available, more can be discovere d about the i nter­
action be tw een the leptospire and the body 
surfaces, both in a normal state and after having 
been subjected to mild trauma, thus eluci dating 
the pro perti es of these surfaces that hinder 
pen et ra tion and also the sort of barrier that can 
be overcome by the pen etrat iv e powers of the lep to­
spire. In addition, in for mation can be gained on 
the subsequent fate of organisms after they have 
pen etr ated the most superficial layers.
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3.3.3.2 Methods
3 . 3.3.2.1 P r e p aration  of leptospires
In the early experiments of this series, l e pt o­
spires from Koirthof’s m e d i u m  were used without 
modification. Because these organisms might 
have been mod if ied by being cultured, all the 
later experiments were carried out with leptospires 
extracted from the heart blood of animals with 
terminal infections. Culturing may alter such 
parameters as complement sensitivity and reaction 
to the osmotic pressure of tissue fluid, K o r t h o f ’s 
m e di um having an osmotic pressure of about 100 mOsm
Le ptospires  were prepared from heart blood as
o
described below:
a) Heart blood was drawn from an icteric hamster 
under deep ether an aes thesi a using a hepar- 
inised syringe, the animal was then killed 
immediately without recovery.
b) The blood was transferred to a sterile tube 
and ce ntr ifuge d in a fixed angle rotor for 
about two minute s to throw down the blood 
cells.
c) The was drawn off.
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d) 1 ml. of sterile isotonic (300 mOsm.) NaHPO^/ 
acetic acid buffer at pH 7.0 was used to 
re-suspend the blood cells.
e) The blood cells were spun down as before and
the supernatant was drawn off and added to the
plasma from the first centrifugation.
f) If the organisms were not to be used before 
the fol lowing morning, the ext raction process 
was stopped here and only completed just 
before an experiment.
g) The bu ff e r / p l a s m a  mi xture  was centrifug ed at 
m a x i m u m  speed (12,00 r.p.m.) for 30 minutes 
and the sup ernatant was discarded.
h) The pellet of lep tospires was re-su spended in
buffer and an estimation  of cell numbers was 
m a d e .
i) The organisms were examined m i c r o s c o p i c a l l y
to ensure that they were not obviously damaged 
during the process.
This routine did not subject the organisms to 
osmotic or pH shock, but later experiments showed 
that the cell wall was prob ably modified in some 
way. A l t h o u g h  it is not know to what extent this
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would affect the results of this series (see 
A pp en dix 2).
3.3.3.2.2 Timed exposure of unaltered surfaces
Leptospires extracted from hamster blood (as in
3.3.3.2.1) were applied to belly skin, re ctu m and 
vagina, taking care not to tra umatize the épi ­
thélia. Nasal e p i thelium  was tested by instillin g 
leptospires into the nares of an animal a n a e s ­
thetised with Nembutal, the ducts associated with 
the Jacobsons organ being left open. After one 
hour the organisms were removed and the animals 
killed with Euth esate i/c. the tissues then being 
excised and prep are d for immunohisto logical 
e x a m i n a t i o n . .^
3.3.3.2.3 Timed exposure of damaged belly skin
Belly skin of an aesthet is ed animals was damaged 
either by single or m ul tiple incision through the 
strata corneu m and g e r m i n a t i v u m , or by removal of 
the strata corneum by the ski n-stri pp ing method 
of Pinkus (1951). After timed intervals of 
exposure to leptospires prepared as described 
(3.3.3.2.1) the organisms were removed, the animals 
killed with Euthesa te i/c. and the tissues excised 
for imm unohisto lo gical examination.
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3.3.3.2.4 The rate of escape of leptospires 
after pene tr ating  damaged s k i n .
The belly skin of anaesth et ised animals was 
damaged by a single incision through the 
strata corneu m and g e r m i n a t i v u m . These skin 
sites were then exposed to leptospires for varying 
periods of time, after whic h the organisms were 
removed with adsorbent cotton wool. The period, 
between removal of the leptospires and the 
excision of the test site was also varied. Thus 
it was possible to see, firstly, how far the 
organisms had penetra te d in a given time and, 
secondly, how long leptospires remained in the area 
of the lesion. The animals were killed with 
E uth esate i/c. im mediately prior to tissue excision 
and the liver was examined in the. series until 
the o rg an ism first appeared.
3.3.3.2.5 P e n e tratio n into immune animals
Two animals that had survived infection after 
inj ection of serotype i c t e r ohaemo rr hagiae for 
passage purposes, were prepared under anaesthe tic 
by damaging a small po rtion  of shaved belly skin 
with a single shallow incision, disrupt ing the 
strata co rneum and g e r m i n a t i v u m . After a period 
of time, the organisms were removed with a swab
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and the animals killed with Euthesate i/c. The 
area of skin under test was excised and prepared 
for imm uno hi stologi ca l examination.
3.3.3.2.6 Special techniques
3.3.3.2.6.1 Freezing and sectioning skin
Hamster belly skin has a natural tendency to roll 
up when excised and if cut in this state orien-' 
tation of the section is difficult. Therefore, 
it is removed in a manne r which keeps it flat.
An incision is made just to one side of the 
midline and the flap of skin to be excised is 
clipped at opposite ext remities of the incision 
with fine artery forceps. Two further incisions 
are made just beyond the forceps and at right 
angles to the midline. The flap of skin is then 
lifted away from the body wall and dissec ted free. 
The flap, now attached only along one side, is held 
clear of the body wall and frozen iji situ with 
"Polar Spray" (Di flu oro-d ic hlorome th ane B.P.) and, 
wh en solid, the re maini ng uncut edge of the flap 
is cut free. The whole pr eparat io n is then t r a n s ­
ferred to 2 - m e t h y l b u t a n e , cooled in liquid 
nitrogen vapour. The flap is then cut into smaller 
pieces at right angles to the line of the test 
incision with small scissors bearing notched
98
blades to prevent the frozen skin slipping, and 
the pieces of skin are embedded in gum arabic/ 
dextrin m e d i u m  w ith an addition of 5% glycerol, 
by cooling the embedding m e d i u m  in a small 
"ParafiIm" embedding boat to just below 0°C, 
pl unging the skin into the emb edding m e dium and 
plungi ng the who le into the freezing medium.
This method ensures that the skin i-s well supr 
ported but not allowed to thaw. The addi tion of 
glycer in to the emb edding me di um allows the 
cryostat temp era ture to be dropped to -30°C in 
order to ha rden the fat in the skin which, at 
higher temperatures, deforms and is dep osited 
on the mi cr ot ome blade, making sec tioning difficult 
Withou t glycerin, the embedding mixt ur e cannot be 
p re -co ole d to a sufficient degree to prevent 
thawing of the specimen whilst itself remaining 
fluid, and it is also too hard to section p r o p ­
erly at -30°C.
3.3.3.2.6.2 Prod uc tion of sections of nasal 
ep ithel iu m
This epi th elium cannot be removed and must be 
sectioned in situ. The obvious obstacle to be 
ove rcome is the bony nature of the surrounding 
tissue. This bone must be decalcif ied  but care
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must be taken not to damage the structure of the 
specimen and also the antigens of the leptospires 
must be preserved. Successful attempts to fulfil 
these conditions were made by using 12.5% E.D.T.A. 
in 10% formalin (w/v) as a decal ci fying/f ix ative.  
The head of the experimenta l animal was removed 
and placed in the d e c a l c i f y i n g / f i x a t i v e  mixtur e 
which was stirred by gentle aeration. After some 
hours, all extraneous tissue, e.g. skin and fat, 
was removed from the outside of the head and the 
fluid was changed. The fluid was changed daily 
for the first week and thereafter every three days 
The specimen was subjected to X-ray exa mi na tion 
until d é c a l c i f i c a t i o n  was complete. The process 
typically took one month. The whole specimen was 
then embedded in gum ara bic/dextrin, gentle a p p l i ­
cation of reduced pressur e was used to ensure 
penetra ti on of the sup porting m e d i u m  into the 
sinuses. Sections were cut in the cryostat at 
about.-17^C. Sections were prepared at intervals 
of about 1 mm. throughout the length of the nasal 
cavity. As form alin fixed mate ria l does not 
adhere to glass as well as fresh tissue, the 
slides were treated with 1% gelatin with 0.5% 
phenol as pre se rvativ e which was dried onto the 
slide before use. After sectioning, the sections
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were dried and then pos tfixed with Ki rkpatrick' s 
fixative. This treatment gave good adh erence 
and pe rmitted  good staining though the a u t o f l u o r ­
escence was somewhat increased.
3.3.3.3 Results
3.3.3.3.1 Timed exposure of unaltered surfaces
No p e n e tr at ion was observed in the cases of skin 
and nasal epithelia. Organisms were seen bel ow 
the epithelial cells in the first samples of 
r ec tum and vag ina to be tested but these organisms 
were not lying in a posit ion that would seem 
probable if the structure of the tissue was taken 
into account. Later experiments employed flushing 
with cold isotonic saline and no p e n e tratio n was 
then observed in sections free from visible 
lesions. Thus it was concluded that the organisms 
were carried into the tissues by the sectioning 
process in the first experiments. In all cases, 
leptospires were seen on the surface of the tissue, 
though none were seen in hair follicles.
Organisms were seen to be caught up in the nasal 
mucus, areas of the mucosa being free from 
contamination, though the relativ e bril liance of 
the auto f l u o r e s c e n c e  makes it difficult  to be 
certain on this point (figure 3.3.3.3.1.1(a)).
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The contents and secretions of rectum and vagina 
were also found to contain large numbers of l e p t o ­
spires but the organisms were found to be ge ner ally 
d ist ributed  over the mucosa (figure 3.3 .3.3.1.1(b))
3 . 3.3.3.2 Timed exposure of damaged belly skin
No p e n e tra ti on was observed in belly skin 
d esq uamated  as describe d (3.3.3.2.30 even after 
35 strippings. Some of the ker ati ni sed layer 
remained intact, but areas of complete d e n u d ­
ation were det ected using Gram's stain on cryostat 
sections. In samples of skin where the stratum 
g e r m i n a t i v u m  had been disrupted by a shallow 
incision, penet r a t i o n  was routinely observed, 
leptospires "fanning out" from the point of entry 
into the und er ly ing retic ular layer (figure
3.3.3.3.2.1). There was no evidence to suggest 
that leptospires were attracted towards blood 
vessels in that there were no local con cent ration s  
of the organisms even where capil lar ies could be 
identified. The area of the section con taining 
leptospires did not enlarge on increasing  the 
exposure time from 15 to 30 minutes.
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Figure 3.3.3.3.1.1
Timed exposure of unaltered surfaces (F-A method)
(a) Nasal epithelium
(b) Rectal epithelium
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Figure 3.3,3.3.2.1
Timed exposure of damaged skin (F-A method)
KS . ,  '■ . ",
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3.3.3.3.3 The rate of escape of leptospires 
after pe netrating damaged skin
There is no simple relationsh ip bet ween time of 
exposure and the area of the section containing 
leptospires. The .tendency of the o rg anism to 
move away from the lesion through the reticular 
layer was exhibited by single leptospires 
rather than as a broad fr ont(figure 3.3.3.3.3.1(a)) 
W it hin 15 minutes, the area of section con taini ng 
leptospires could be as large as it would ever be 
and this area did not clear of organisms if the 
culture was removed even 5 hours before the skin 
was frozen for examination, though after this time 
very few organisms retained a defini te ly lepto- 
spiral morph o l o g y  and infilt rat ing cells associated  
with the mild in fl ammation produced by the incision 
appeared to fluoresce themselves, sug gesting intake 
of leptospiral antigen (figure 3.3.3.3.3.1(b)). 
E xa mi nation  of liver sections found leptospires 
after 30 and 40 minutes, though none were found 
after 5 g hours exposure.
3.3.3.3.4 Pe net r a t i o n  into immune animals
No p enet ra tion was observed after 60 minutes 
exposure, leptospires rem aining on the surface of 
the exposed reticular layer, often in a clumped
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Figure 3.3.3.3.3.1
(a) Penetration of damaged skin 120 minutes after removal 
of culture (F-A method)
(b) Infiltration of cells into area of incision 
(Haematoxylin and eosin)
Note
(a) and (b) are photographs of adjacent sections
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Figure 3.3.3.3.4.1
Penetration into damaged skin of an immune animal (F-A method)
f  " *
Ill
manner. Not only was this seen in a recently 
immunised animal, still bearing diffuse l epto­
spiral antigen in the kidney and having an 
a g g lu ti nation tire of 1:1K, but also in an animal 
that had been exposed to infection a year 
previously, having a titre of 1:300 (figure
3.3.3.3.4.1).
3.3.3.4 Conclus ions
These results agree with those obtained from the 
infection via epi thelia experiments. No p e n e ­
tration was observed through unaltered surfaces 
and, indeed, infections via such routes were 
found to be relatively  rare when compared with  
damaged surfaces. The present experiments 
showed that p en et ration  into tissues not p r o t e c ­
ted by an intact epi th elium was common, and 
although a propo rt ion of invading organisms 
remained at the site of the lesion through which 
they entered, others made a rapid entry into the 
animal body, pre sum ab ly via the bloodstream. 
Observatio ns showed that the area of the sections 
containing leptospires was affected by the size 
and depth of the lesion, and it is felt that this 
masked any time-depend ent effects. The prob lem 
of prod ucing lesions of standard depth was not
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overcome, the delicacy, hetero ge neity and 
mobility  of the surfaces involved made it impos- 
sibile to tell in advance the depth and extent 
of the lesion. It was not possible to control 
the degree of defo rmati on  of the specimen during 
excision and freezing so that accurate data 
concerning numbers of organisms per unit volume 
could not be made. The question arises, do 
leptospires have the ability to locate c a p i l ­
laries and other channels of escape from the site 
of initial penetration? Direct obs er vation of 
their powers of loc omo tion (Section 5) and their 
proven ability to travel in the reticular layer 
demonstrates that such a m e c h a n i s m  is a p o s s i b ­
ility. Added to which, the location of l epto­
spires in organs remote from the site of invasion, 
in this case the liver, proves that they can enter 
the circulation, other routes of passage can 
not be envisaged. However, it was never observed 
that a locally high density of leptospires was 
associated with a blood vessel, indeed the only 
concentration s of organisms were found at the site 
of lesion, density falling wi th distance from that 
lesion. This was found to be true even if the 
prep ar ation was left for five hours after the 
removal of the culture from the surface of the skin.
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by w hic h time the a n i m a l ’s tissues were r eact in g 
as is normal w he n the skin is injured and the 
re maini ng  leptospires were being destroyed.
Thus no d e finite proof is offered either way but 
it is pro posed that the evidence tends to suggest 
that as a result of. the highly mo ti le na ture of 
the leptospires, entry into the numerous c a p i l ­
laries in the skin is a chance occurrence. In  ^
these exp er imenta l conditions, the large num ber s 
of pathog ens  present, coupled w i t h  the high degree 
of v a s c u l a r i s a t i o n  of the in va sio n site and v a s o ­
d il a t i o n  due to the mild trauma of the lesion, 
wo uld lead to sufficient numbers of org an isms 
in the b l o o d s t r e a m  for infecti on to proceed.
This is sup ported by the fact that it was p os sible 
to locate antigen in the liver of animals subjected 
to p e n e t r a t i o n  for only 30 minutes, e s p eciall y 
w he n the large di lut ing  effect that the animals 
tissues would have exerted upon these organism s  
is taken into account.
In spite of the fact that this wo rk is direct ed  
towards the r e la ti onship  be tw een p at ho gen and host 
in terms of n o n - s p e c i f i c  defence me chanisms , it 
is int erest in g to note the situatio n in an acti vely  
immune animal. In such a case, the leptospir e is 
ob served not to enter the lesion at all, but rather
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to remain on the surface. The clumped ap pearan ce  
of the o r g a n i s m  on the surface of such a lesion 
may of course be an artifact and no great reli an ce 
should be placed upon such an observation, nor 
is it possible to say that these organisms had 
been ki ll ed or rend ered incapable of p r oduc in g 
infection, agglu t i n a t e d  leptospires have d e m o n s ­
trated an abil it y to grow in the presence of 
specific ant ib ody plus com pleme nt (Johnson &
Harris 1967). Whatev er the precise m e c h a n i s m  of 
t h i s - p h e n o m e n o n  it is .clearly highl y pr ot e c t i v e 
as leptospires can do no harm if they cannot 
enter the body and this is a very rapid met hod 
of re pel l i n g  invasion, not even relyin g on an 
ana mn esti c response.
Pure ly in terms of n o n - s p e c i f i c  defences, it seems 
that the most impor tant feature of a pro t e c t i n g  
surface is its integrity. Even the thin and 
deli cat e be ll y skin of the hamster devoid of its 
ke ra t i n  layer is capable of holding back a high 
densit y of virulen t leptospires. In nature, the 
k er at in layer has the fun ction of pres e r v i n g  this 
in tegrity in the event of contact with  abras ive 
surfaces in the a n i m a l ’s environm en t and is, t h er e­
fore, an important component of the skin in this 
respect, but the leptospire shows no abilit y to
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breach the u n d e r l y i n g  stratum g e r m i n a t i v u m  in 
the absence of damage. The more delicate 
m e mbra ne s of the nasal cavity are also resistan t 
to in vasion under normal circumstances, and appear 
to be further p r otecte d by the mucus secretions, 
w h ich serve to remove the pathog en  from the 
epithelium, thereby de cr e a s i n g  the likelihood of 
the p a t h o g e n  util i s i n g  existing mi crolesions . It 
must also be borne in mind that the conditi ons  
of these expe rimen ts  were highly artific ial  in 
that the animals were stressed by h andli ng  and 
a n a e s thes ia  and the nu mbers of leptospires involved 
were much larger than any normal situation would 
be likely to produce.
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SECTION 4
Le p t ospira l v i a b i l i t y  in fluid en vi ron ments
4.1 I n tr oducti on
In order to m a i n t a i n  the cycle of infection, 
the leptospire has to be able to survive in a fluid 
that is passed to the outside  in the course of the 
animal's life. In addition, it is vital for the 
or g a n i s m  to rema in alive and, furthermore, retain its 
p a t h o g e n i c i t y  in the external environment  until it is 
able to enter another host.
The fluids that could feasibly act to carry 
the pathoge n from the host mammal are four in numbe r - 
namely, urine, milk, semen and saliva. Urine is 
pro ba bl y the most commo nly used of these routes, 
es pecially  when the role of rats in the tr ansm is sion  
of Weil's disease is considered. The urine of other 
animals, such as the cow, has been shown to transmit 
the disease under ex perim en tal conditi ons (Sleight & 
Williams, 1961). L eptosp ir es are known to have a 
limited survival time in the fluid as it is excreted, 
Mi s h r a  (1964) quotes 4 to 9’6 hours in cow and swine 
urine but does not give any details of pH or other 
factors that might exert an effect, he also used
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cul tur ed organisms, wa shed  in saline before use, w hi ch 
is a far from natural system.
It has long been the practice to neutr a l i z e  
the aci dity of urine before att em pt ing to isolate 
l ep tospire s and d ilution  is also held to be of value in 
slowing the d e g e n e r a t i o n  process. Mantov an i (1950) 
d e m o n s t r a t e d  the survival of serotype i c t e r o h a e m o r r h a g i a e  
for 3 days in urine dep os ited on r efrig er ated beef at 
a temperat ur e fl uc t u a t i n g  b e t we en  -8°C and +7°C. Thus 
we are able to say that urine can and does act as a 
transport m e d i u m  but has pr opert ie s that can prove 
harmful. I n v e s t i g a t i o n  of these propert ie s and their 
n e u t r a l i z a t i o n  by the external en vironment is imp ortant 
for the u n d e r s t a n d i n g  of the t r ansm is sion of leptospires.
It wou ld be of obvious advant age to the p a t h ­
ogen if it were able to use the milk as a means of 
transfer. This fluid is one that passes di re ctl y from 
one animal to another, thereby avoi ding the rigours of 
the external environment. If this route was found to 
be of importance, it wou ld have c o n s i de rable b e a r i n g  on 
public h e al th  in areas of the world where  cows' milk is 
wi d e l y  distribut ed. Cows are kno wn to show blood and 
clots in the milk whe n first infected and in fecti on in 
the blood is likely to give rise to infected milk, and 
calves have been infected with lepto spire s incubated in
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mi lk for three days (Smith 1950). However, mi lk  has 
been shown to lyse leptospir es in a very short time 
as did the fatty acids and lipid component s by t h e m ­
selves (St alheim 1965). These results are supported  
by wo rk quoted by A l s t o n  and Broom (1958) and the effect 
was u n al tered by h e a t i n g  to 80°C for 5 minutes  but 
de st royed by boiling.
P r o b a b l y  of greater signif icanc e in the t r a n s ­
fer of the p a t h o g e n  w i t h i n  a species is semen. The 
u t i l i z a t i o n  of the v enereal  route also has the a d v a n ­
tage of a vo id ing the host i l i t y  of conditions out side  
the animal body, added to which, the r e p r o du ct ive 
tract is adapted to m a i n t a i n  an environ ment m uc h more 
f av ou r a b l e  to life than the gut with its acid stomach. 
The r e a l i z a t i o n  of the pos sible importance of this 
m e thod  of t r a n s m i s s i o n  led wo rkers involved in the 
ar tif i c i a l  i n s e m i n a t i o n  field to make attempts to 
qu ant i f y  the problem. Suc cessful  trans mi s s i o n  of 
ser oty pe pomona was a c c o m p l i s h e d  both by a single 
natural service and by intrav ag inal i no culatio n of 
dil ut ed  semen. The authors of this work pointed out 
that the o r g a n i s m  wou ld not have to be in the semen 
itself, me rely  in the uret hra as a result of sheddin g 
from the ki dneys (Sleight and Williams 1961). Further 
w ork (Sleight 1965) showed that the egg y o l k - c i t r a t e 
m e d i u m  used for dilu t i n g  semen would preserv e the
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v i rule nc e of the p a t h o g e n  for 24 hours at least, indeed 
earlier work (Jones 19 5 8) had shown that this m e d i u m  
could m a i n t a i n  the v i rule nc e of the organ i s m  for at 
least 31 days in a frozen state, though no attempt was 
made to infect cattle. Thus in the com mercial e n v i r o n ­
ment, care is called for in the testing of the donor 
animals and the use of ef fective  an ti biotics wh en 
natur al and arti fi cial b r e e d i n g  pr og ram mes are carried 
out, and there is no fe aso n to suppose that sexual 
t r a n s m i s s i o n  is imp os si ble in natural situations.
The first step in e s t a b lish in g an in fe ction 
in a new host, after gaining entry via w ha tever portal 
is open to the pathogen, is to survive in the body  
fluids of that host. Of vagina l mucus, sweat, tears 
and saliva, no direct i n f o r m a t i o n  is at hand. However, 
some work has been done on the pr operties of bloodf and 
its constit uents. Anima ls  carrying specific antibodi es  
are a special case but there is evidence  that non- 
immune animals have n o n - s p e c i f i c  factors which tend to 
act on the invader. Normal serum from human, dog, 
rabbit and guinea pig were found to be lept os pi r i c i d a l  
w it h NaCl diluent. "Normal " antibody  plus com pl ement 
was thought to be responsible. Be ta-ly sins were shown 
not to be involved and vir ulent pathog ens were found to 
be more res is tant than n o n - p a t h o g e n i c  or saproph ytic 
strains. (Johnson and Muschel 1966; M a ntov an i 1950).
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S ta lh e i m  (1971) was unable to explain in b ioch em ical 
terms why virulent  pomona survived better in blood 
than their avirulent progeny.
4.2 Expe r i m e n t  to investig at e the effects of osmotic 
p re ssure and pH of the envi ronmen t on leptospiral 
v i a b i l i t y
4.2.1 I n t r o d u c t i o n
This expe ri ment was perf or med as a pilot to 
p ro vi de a bas eli ne  of infor m a t i o n  on two basic p a r a ­
meters, and to gain e x p er ience in ass es sing viability.
The syste m was designed to produce as little i n t e r ­
feren ce from factors other than osmotic pressure and 
pH as possible. For this reason, lepto spi res from 
the blo od of an infect ed animal were used, these being 
closer to org anisms in the wild than would be organisms 
cu ltured in Korthof' s medium. The buffer used to extract 
the le pt ospires from the blood was the same as was used 
in the experiment. This e x t ra ction  buffer was neutral 
and isotonic, m i n i m i s i n g  the risk of pH or osmotic 
shock be fore the experiment. The buffer itself was 
chos en b ec au se  it did not cause red cell lysis whic h 
would interfere wi th the e x t ractio n process and the 
l ep tospire s appe are d to tolerate it well, w hich  was not 
the case whe n citric acid was used in place of acetic 
acid as the original Mc ll v a n e s  formula states. A ltho ug h
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the b u f f e r i n g  cap ac ity was not great, it was sufficient 
for the presen t purpose, a check made at the end of 
each run showed no change in pH.
4.2.2 Methods
4.2.2.1 P r e p a r a t i o n  of solutions 
Conc e n t r a t e d  stock sol utions were made at the 
ap pr o p r i a t e  pH values by mi xing molar Na 2HP0^ ^
w i t h  molar acetic acid. These solutions were 
di lut ed w ith  de-ioni se d water to produce osmotic 
p re ss ure s from 100 to 600 mOsmols in steps of 
100 mOsmols. The ammount of water re quired was 
related to the degree of di s s o c i a t i o n  of the 
buffer com po ne nts w hich  varied  with the final 
c o n c e n t r a t i o n  and the pH, and was arrived at 
e m p i r i c a l l y  by graphical methods.
All pH m e a s u r e m e n t s  were made using a digital 
meter and were accurate  to 0.01 of a pH unit.
The osmotic pre ss ure was m e a s u r e d  by the cryo- 
scopic meth od  usi ng .a  Knauer osmometer. All 
solutions were checked before the experiments, 
and a d j u st ments made as needed. A l t e r a t i o n  of 
osmotic pressu re  tended to shift the pH value 
and vice versa, the refore both parameter s had to 
be m o n i t o r e d .
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4.2.2.2 P r oc edure
The leptospi res co nt ained in blood taken from 
an inf ected ham ster  by cardiac punc tur e by a 
hepar i r\ised syringe were extrac ted by repeated  
c e n t r i f u g a t i o n  and w ash in g of the blood cells 
w it h buffer. The re su lting sus pe nsion  of 
l eptos pi res in pl asm a and buffer was centr if uged 
and the supe rn atant  discarded. The sediment was 
r e - s u s p e n d e d  in the neutral isotonic (300 mOsmols, 
pH 7.2) bu ffer and the density of le ptospires was 
es timated  using a counting chamber wit h a Thoraa 
grating. A vo lume of sus pens io n c o r r e s p o n d i n g  
to a de ns i t y  of 100 x 10^ organisms per m i l l i ­
liter of the final suspension, was t ra ns ferred  
to each of six tubes. These tubes were then 
c en tr i f u g e d  to p r e c i p i t a t e  the leptospires. The 
s up er natant  was drawn off and replace d by 1 ml. 
of the test buffer, each tube rec ei ving a buffer 
of di ff e r i n g  osmolarity. After mi xing the 
contents, the tubes were put in a water bath at 
25^0 and the contents examined r e gularl y by dark 
ground m i c r o s c o p y  to follow any changes o cc uring 
in the organisms. The time at which all mo ve m e n t 
stopped was noted, or in the event of move m e n t 
c on ti n u i n g  up to 24 hours, a note of the co ndit io n 
of the or ga nisms  at that time was made.
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Ob ser v a t i o n s  were not con tinued after 24 hours 
as it may be that the lack of nutrients and the 
bu il d- up of m e t a b o l i t e s  wou ld  have a greater 
effect than the fluid itself.
When mo vem e n t  had ceased, or after 24 hours if 
the or ganis ms remai ned motile, several drops of 
the sus pe n s i o n  were placed onto the belly skin 
of hams ters that had been lightly scarified 
under Ne mb u t a l  anaesthesia. These animals were 
allowed to recove r and were examined at frequent 
intervals for signs of infection. Any animals 
dying w i t h i n  14 days were examined for the 
p re se nce of le ptospir es by d ar k- ground  m i c r o ­
scopy of blood or ma ce r a t e d  tissue, culture and 
i m m u n o h i s t o 1 gy of the kidney. An imals surviving 
14 days were cha lle nged with 1 x 10^ cultured 
l ept ospires  i/p., and a further 10 days was 
allowed to pass before all the animals were kill ed 
and ex ami ned  for signs of infection, inclu ding 
i m m u n o h i s t o l o g y  of the kidney.
4.2.3 R e s u l t s .
The results are pr esented  in tabular form in 
Tab le 4.2.3.1.
Contro ls were included in each series to test 
the p a t h o g e n i c i t y  of each batch of leptospires. The
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organisms were treated in a similar manner to the test 
organisms except that they were r e -su sp ended in the 
original isotonic, neutral buffer and applied to s c a r ­
ified hamster belly skin immediately. None of these 
animals died, all survived challenge and showed evidence 
of kidn e y  damage with anti gen staining in these organs.
4.2.4. C o n c l u s i o n
In spite of the attempt that was made to co n­
trol the pa rame te rs of this experiment, the results are 
not easily analysed. The factors that c o m pl icate the 
analysis came to light after the ex periment was started 
and their r e a l i s a t i o n  helpe d in the design of su bsequent 
experime nts rather than the u n d e r s t a n d i n g  of the present  
work.
The use of animals to test the v i a b i l i t y  of 
the organis ms under test was con sid ered to be important 
as, under natura l conditions, the leptospi res wou ld not 
only have to survive in a given environment, but be able 
to infect a new host. It was know n from earlier e x p e r i ­
ments that death was not always the end result of 
in fecting  hamste rs wi th serotype i c t e r o h a e m o r r h a g i a e  
but at this time no re lia ble  method was at hand to detect 
sub -c linical  infections. Therefore, it was decided to 
c hal lenge animals survivin g the initial infection, on 
the grounds that if the animal had survived an in fection
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Table 4.2.3.1
Effects of osmotic pressure and pH of the environment on 
leptospiral viability
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for 14 days, it wou ld have a protect iv e level of a n t i ­
body. The kidney s of the few animals that died as a 
result of the initial exp eri ment were secti oned and 
stained with fluo rescent  antibody. The pres en ce of 
lep to sp ires in this organ provides a po si tive diagnos is  
of the cause of death. All the animals survi ving 
ch all enge were sim ilarly examined. Kidneys from both 
of these groups produced what was called ’ diffuse 
f l u o r e s c e n c e ’ , that is patches of bright specific 
flu or es cent stainin g in the interst itial tissue, w i t h ­
out any de finite leptospira l morphology. Until this 
p h e n o m e n o n  was inve s t i g a t e d  further its re le vance to 
the present experi ment was not certai n (see A p p e n d i x  1)
Thus, there are three ways of i n ter pr eting 
the results of the animal vi ab ility test. Firstly, 
all the animals were infected to some degree, either 
dying or surviving to be come immune. Secondly, animals 
that were infected with viabl e organisms died wh il st  
those that became  immune did so as a result of anti ge n 
ent eri ng the body in a n o n - v i a b l e  state by ph ag o c y t o s i s  
at the site of scarification. Thirdly, animals that 
were infected with viable organisms died wh ils t those 
that were ch al lenged  were not immune but were resis tant 
to the ch all enge dose bec au se  it was too small or had 
been rendered av iru lent by culturing.
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The fact that none of the control animals 
prod u c e d  r e c o g n i z a b l e  symptoms, throws doubt of the 
v i a b i l i t y  of the o r g a n i s m  after treatment wi th this 
buffer. Any change that might have occurred could 
not be linked to a l t e ra ti ons in m o r p h o l o g y  or ac tivity  
w he n the suspe nsions were examined m i c r o s c o p i c a l l y  
d e m o n s t r a t i n g  the need for care when deci ding cr ite ria  
for 'viability*.
With due regard for this difficulty, the 
changes that were noted in the be havi ou r of the 
organisms during the ex pe ri ment are of interest.
The most obvious change in b e ha viour pro duce d 
by adverse con dit ions is. loss of motility. At neutral 
pH, there is little loss of m o t i l i t y  over the 24 hour 
period of observa tion, except at higher osmotic 
pressures. The rais ing or lowering of the pH by one unit 
pro du ce s a more m a rk ed effect w hich  is again seen to be 
more p r o no unced at higher osmotic pressures. The most 
dramatic effect was produced by the pH 5 buffer, where 
m o t i l i t y  ceased immed i a t e l y  in all o s m o l a r i t i e s . One of 
the most i n t e rest in g o b s e r v a t i o n s  was the range of time 
taken by di fferent leptos pires to stop mo ving in the 
same sample. It was not un co m m o n  to find a very few 
or gan isms m o vi ng quite v i g o r o u s l y  long after the rest 
had ceased to show any act ivity and had even begun  to
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break up. The reason for this is not known, but if a 
similar p h e n o m e n o n  exists in nature, it may be of 
c o n s i dera bl e impor ta nce in the spread of the dis ease 
under u n f a v o u r a b l e  conditions.
Le p t o s p i r e s  seem to tolerate a wide range of 
osmolarity. The osm o l a r i t i e s  used in this experiment  
encompass a similar range to those found in m a m a l i a n  
body fluids. Blood has an osmotic pr essure near 3 0 0 m0sm  
and most internal fluids have similar values. Ext remes 
of the range are found in such fluids as saliva and 
urine, the former n o r m a l l y  having an osmotic pre ss ure 
in the region of 100 mOsm. and the latter may exceed 
1000 mOsm. depe n d i n g  on the p h ys io logical  state of the 
animal. Broadl y speaking, the rate of d e t e r i o r a t i o n  
of the orga nisms in the buffer increased with the 
o s m o l arit ie s of the solution. It is not possibl e to 
link these two factors d e f i n i t e l y  using the data from 
this experime nt  as alter at ions in osmo l a r i t y  are a c c o m ­
panied by changes in other parame te rs w h i c h  may be of 
greater sig nificance. Ex amples are ionic stren gth and 
absolute  c o n c e n t r a t i o n  of a pa rt icular  ion noxious to 
L e p t o s p i r a . In either case, alter a t i o n  to the cell wall 
or the c y t o p l a s m  may prove damaging or lethal before 
any osmotic effects are felt.
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4.3 I n v e s t i g a t i o n  of the effects of certain body 
fluids on the v i a b i l i t y  of leptospires
4,3.1 I n t r o d u c t i o n
The body fluids examined in this ex perime nt  
are those w h ich the lept os pire would enc ounter wh ilst  
esc ap in g from an infected host or p e n e t r a t i n g  a new 
one. These fluids w ere tested for any leptos pi r i c i d a l  
effects and in some cases attempts were made to define 
the natur e of such effects by alt er a t i o n  of the 
pr op e r t i e s  of the fluids. The animals chosen as sources 
of fluids were the cow and the human. Both of these 
are important, s us ce ptible  hosts and are large enou gh to 
give samples of sufficie nt vo lume to allow pH and 
os mot ic pre&sure  m e a s u r e m e n t s  to be made.
The actions of NaCl and the human saliv ary 
enzymes were also i n v e s tigate d to estimate their i m p o r ­
tance in redu c i n g  the v i a b i l i t y  of leptospires. The 
me t hod s used in this expe riment were evolved from those 
used in the previo us v i a b i l i t y  experi ment (4.2). The 
m aj or  changes involved the d e t e c t i o n  of infecti on  in 
the animals used to detect viab le leptospires, and the 
buffer system employed. The change in buffer was 
s ugg ested by the results of a separat e ex periment (see 
A p p e n d i x  2) w h ic h showed that buffer s in common use had 
an effect on the lept ospire which only became apparent
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duri ng subsequen t treatments. This would n a t u r a l l y  
tend to confus e results from experiments such as the 
present one and it was cons id ered to be imp ortant to 
try to limit such effects.
4.3.2 Methods
4.3.2.1 E x t r a c t i o n  of leptospires
Blood from an infected hamster was drawn into 
a h e p a r i n i s e d  syringe by cardiac puncture.
The animal was h e a vi ly  anae s t h e t i s e d  wi t h  ether 
and was not allowed to recover. The lep tospi re s 
were separated from the blood cells by c e n t r i ­
fugation  and if present in sufficient numbers  
they were used straight from the plasma. If it 
was ne c e s s a r y  to wa sh more organi sms  out of the 
cellular p o r t i o n  of the blood, the plasma s u p e r ­
natant from the first c e n t r i f u g a t i o n  was c e n t r i ­
fuged again and the le ptospi r e - f r e e  pl as ma was 
used for the second washing. The p r e c i p i t a t e d  
le pt os pir es were r e - s u s p e n d e d  in borat e buffer 
(pH 7.15, 300 mOsm.). This buffer could not be 
used to w ash  the blood cells as it re lea sed 
h a e m o g l o b i n  from the erythrocytes. The fractions  
co nt a i n i n g  le pto spi res were combined and the cells 
c o u n t e d .
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4.3.2.2 C o l l e c t i o n  of the body fluids
4.3.2.2.1  Bovine urine
Ur ine was co ll ected dire ctly from m i c t u r a t i n g  
cows.
4.3.2.2.2 Bovine faeces
Faeces were co llected  direc tl y from cows after 
rectal stimulation.
4 .3 .2 .2. 3 Bovine' saliva
Bovine saliva was collected by inser ting a b s o r ­
bent tampons into the cheeks of cows. The flow 
of saliva was en hanced by offering pelleted 
feed to the.animal. When several tampons had 
been used in this way they were taken in iced 
tubes to the la borator y where they were c e n t r i ­
fuged in tubes c o n ta ining a spacer at the b o t t o m  
After removal of the tampons, the saliva was 
drawn off into glass phials for storage.
4.3.2.2.4 Bovine milk
Milk was colle cted by strippi ng  a quarter into 
a beaker, the first milk  pro du ced was not c o l l e c ­
ted.
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4 . 3.2.2.5 Bovine serum
Whole blood was drawn from the jugular vein of 
a cow. The blood was allowed to clot and the 
serum drawn off into storage containers.
4 .3 .2 .2. 6 Human sweat
The sweat was co llected from the arm of a 
v o lunt ee r exer c i s i n g  in a w a r m  room. An arm- 
bag was prepa r e d  from tho ro ughly  washe d nylon 
a u tocl av e tubing and this was attache d to the 
wris t and upper arm of the subject with elastic 
bands. The arm to be used was thoroughly  
wa shed w it h d e - io nised  water and dried with 
clean cotton wool to remove any loose debris and 
soap from the skin. All the sweat pr oduced was 
co llected  and put into phials for storage.
4. 3.2 .2.7 Human saliva
Saliva was co llected from a no n - s m o k i n g  volunte er, 
three hours after a meal to mi ni m i s e  c o n t a m i n a t i o n  
by food p a r t i c l e s . T h e  flow of saliva was not 
st imulated  by ma stication, and was co ll ected in 
a con ta in er surro unded by ice.
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4.3.2.2.8 Human tears
Tears, stimulated  by a draught of cold air 
across the eyeball, were collected from the corner 
of the eye using a sterile Pasteur pipette, the 
end of w h i c h  had been flamed smooth. The very 
small q u a n tities  obtained were used immediately.
4 .3. 2.2.9 H u ma n urine
M i d - s t r e a m  urine was collected in a clean beaker.
4.3.2.3 Storage of the body fluids
All fluids that were not used i mmedia te ly were 
stored in clean glass bottles or phials at -20°C. 
the u n d e s i r a b l e  effects of storage by free zin g 
were realized, but it was not p r a c ti ca lly 
po ss ib le to use all fluids fresh.. The p r o per ti es 
of the fluids were examined be for e and after 
storage so that any changes could be recorded. 
Faecal mate r i a l  was stored after partial removal
of solid mat/er by centrifuga tio n.
r.
4.3.2.4 C h a r a c t e r i s a t i o n - o f  the body fluids
4. 3.2.4.1  pH
The p r eferre d method of pH measurement, namel y 
the glass me mb r a n e  electrode, was used for
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samples of su fficient volume. In cases where 
the vo lu me  collecte d was too small for this, a 
drop was placed on pH sensitive papers 
( P e h a n o n - C a m l a b ). These na rr o w  range papers 
are sensitive' to changes of 0.3 of a pH unit.
4. 3. 2. 4.2 Osmotic  pressure
The osmotic pres s u r e  of the samp 1 es was m e a s u r e d  
using an A d v a n c e d  Wide Range Os mometer Model 3W. 
This mach i n e  employs the cryos copic me thod 
which, if the sample is small, permits the use 
of that sample after the m e a s ure me nt has been 
made. If the sample was used after cryoscopy, 
a rea din g was taken at the end of the expe riment 
to ensure that the free zing had not altered the 
osmolarity.
4.3.2.5 M o d i f i c a t i o n  of the body fluids
M o d i f i c a t i o n  of the prop erties  of the vari ous 
fluids were carried out as indicated in table 
4.3.3.1. R e d u c t i o n  of osmotic pr es sur e was 
effected by the addition of d e - ioni ze d water wh ilst 
a l t e r a t i o n  of pH towards n e u t r a l i t y  was effected 
by the ad di t i o n  of N aO H or HCl. Enzymes and 
other heat labile substan ces were de st royed by 
immersin g tubes of the fluids in bo il ing water
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for 15 minutes. In all cases, pH and o s m o l a r i t y  
readings were taken prior to the use of a fluid 
in an experiment.
4.3.2.6 'Salivary* enzymes and sodium  ch lor ide
A l p h a - a m y l a s e  and lysosyme, the only enzymes
pre se nt  in human saliva in sign ifica nt amounts,
are not av ai l a b l e  co m m e r c i a l l y  from saliva ry
sources. Therefor e, a l p h a - amylas e from pig
pa ncreas and lys osyme from egg white (B.D.H.)
w er e used. The enzymes were di ssolved in neutral
- 1
isotonic bu ff er at rates of 0.4 mg.ml for the
—
a l p h a - a m y l a s e  and 0.15 mg.ml for the lysosyme, 
c o n c e n t r a t i o n s  w hich a p p r ox im ate the a ctivit y of 
human saliva.
Sodium ch lo ride solution was prepa red as a solution 
ha vi ng an osmotic p ressure  of 300 mOsm. and as 
this so lut ion  was n a t u r a l l y  neutral it was not 
buffered.
4.3.2.7 Pr oc edure
A vo lume  of le ptospiral su sp ension  c o n t a i n i n g  a
nu mber of cells c o r r e s p o n d i n g  to a de nsity of 
6100 X  10 in the final suspe ns ion was trans ferred 
to small c e n tri fu ge tubes. The cells were p r e ­
cipitate d by c e n t r i f u g a t i o n  and the superna tant
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was drawn off as com pl etely as possible. The 
test fluids were used to resu spe nd the l e p t o ­
spires and the re sulti ng  mix tur es were t r a n s ­
ferred to small stoppered glass phials which, 
co ntained  in larger capped phials, were placed 
in a water  bath at 25°C. The volume tested 
was norm a l l y  1 ml. though, in certain cases, 
less was available.
The lepto spires were examined imme di ately  
following expos ur e to the test fluid and, 
thereafter, at intervals and their c o nd it ion 
was noted. When mo ve m e n t  ceased, or after 24 
hours if m o v e m e n t  was still present at that 
time, the su sp e n s i o n  was placed on the lightly 
sca rified bel ly skin of a n a es th etised hamsters. 
These expos ures were not made before one hour 
had elapsed becaus e it sometimes h appened  that 
an immediat e loss of acti vity was followe d by 
a partial r ec ov ery w i t h i n  the hour. It was 
also felt that fluids unable to support the 
o r g a n i s m  for a m i n i m u m  of one hour were un li k e l y  
to be important in the transfer of infection.
In the same manner, no exposures were made ' 
after 24 hours, prim a r i l y  because other factors 
such as lack of nutrients or buil d-up of m e t a ­
bolites might become  more sig nificant than the
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properties of the fluid itself and also bec ause 
such a period provid es a reasonable  oppor t u n i t y 
for the t r a n s mission  of disease.
Using the in format io n from the previous e x p e r ­
iment (4.2) and the conclusions drawn from the 
experiment de scribed  in A p p e n d i x  1, the animals 
used to test the v i abilit y of the lep tospires 
were killed 5 to 7 days after exposure. Immune- 
h is to logica l examin at ion of the kidneys showed 
whether or not an in fec tion had been initiated.
4.3.3 Results
The results are presen ted in tabular form 
(see table 4.3.3.1).
4.3.4 Conclusi ons
The importance of the form of animal v i a b i l i t y  
tests described above (4.3.2.7) is amply dem onstrated.
It has been , s h o w n  that m i c r o s c o p i c  ap pe ara nce of l e p t o ­
spires is not a reliable ind icator of vi ab i l i t y  (4.2) 
and in turbid fluids such as milk and faeces it is not 
possi ble  to use this metho d with any degree of certai nt y 
The absence of in te rfe rence from infection prod uc ed by 
b ac t e r i a  other than L e p tospi ra  shows the ad vantage of 
using scarified skin as a portal of entry. Intra per it- 
oneal inj ection of the more hea vily con tamina te d fluids
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Table 4.3.3.1
Effects of body fluids on the viability of leptospires
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could be expected to produce a high incidence of 
p e r i t o n i t i s .
Body fluids having pH values removed from 
neut ral ity, and/or elevate d osmolari tie s, exhibit ed 
potent l e ptospir ic idal effects. Thus bovine urine 
and saliva, both having a pro no unced alkaline reaction, 
ra pidly damaged the leptospires. Human sweat had a 
similar effect but p r e s u m a b l y  because of its acidity. 
The sample of human urine used had an osmo l a r i t y  much 
greater than any of the other fluids and altho ugh it 
was neutral, the leptospir es tested did not retain 
m o t i l i t y  or viabi l i t y  for as long as one hour. The 
bovine and human urines had different effects on the 
lepto spi ral cells, the former produced ' b l e b s ’ 
(presumably formed from the cell wall (Ritchie and 
E l l i n g h a u s e n  1965)), whereas the latter gave the 
o rga nisms a pr es er ved ap pearan ce  even after 48 hours. 
After d ilut io n of both samples to equal osmolari ties, 
the bovine urine still retained some l e p t ospir ic idal  
qualities, where as the human urine had no observed 
dele te rious effect. Extr em e pH values pre su m a b l y  
co nt ri bute to the damagin g effects of human sweat and 
bovine saliva, as these effects were dimi ni shed by 
neutral ization. The fact that damage still occurred 
indicates that pH is not the only factor though it is 
not poss ible to do more than suggest what might be the
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nature of the other factors. Boiling the bovine saliva 
did not permit the le ptosp ires to survive longer, 
theref ore  it is u nl ik ely that any small quant it ies of 
enzyme that are present have an effect. S t alhe im  (1965) 
de m o n s t r a t e d  the le pt ospi r i c i d a l  pr op ertie s of lipids 
and fatty acids and it may be that these sub stances are 
active in human sweat even after neut ralizatio n.
•. S ta lheim also observe d that milk was able to 
lyse leptospires but did not say how rapidly lysis took 
place nor did he relate the action of milk to the 
v i a b i l i t y  of the leptosp ires it contained. Smith (1950) 
quotes wo rk that shows v i a b i l i t y  may be ret ai ned for at 
least 3 days by leptospires incubated in milk. L e p t o ­
spires seem, therefore, to have a limited capacity  for 
survival in milk. The 6 hours observ ed here falls 
short of 3 days by a wide margin, but as has been found 
during these survival experim ents each sample of l e p t o ­
spires contains organisms of w i de ly dif fering resistance.
In terms of pH and osmolarity, bovine faeces 
wou ld seem to be a beni g n  en vi ronment  for leptospires. 
However, the results show that al though viru l e n c e  was 
m a i n t a i n e d  for an hour, by six hours it had been destroyed 
The reason for this action is not shown by this experime nt  
and beca use of the comple xi ty of the co mpo s i t i o n  of 
faecal material, is olation  of the factor or factors
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r e s p on si ble would be a lengthy process. Because faeces 
are rich in bacteria, it is pos sib le that the me t a b o l i t e s  
rele ase d are d amag in g to the leptospires. A b d o e I r a c h m a n  
(1947) showed that many species of bacte r i a  could o u t ­
grow p a t ho genic le ptospires and claimed that some 
Ps eu d o m o n a d s  could a ctual ly  destroy them. He also showed 
that the normal int estin al flora of humans will check 
the growth of leptospires,' whilst the p a t hogeni c typhi- 
paratyph i group are shown to be more actively harmful.
The lept o s p i r i c i d a l  propert ie s of hum an  saliva 
seem to rest in its t h e r m olab il e con sti tuents, as the 
organisms tolerated boile d saliva without ap pa rent harm. 
Whe n leptospires we re suspen ded in either of the sal ivary 
enzymes there was some o b s erv ab le damage, e s p eci al ly in 
the alph a - a m y l a s e  solution. The lack of activ it y of 
ly soz yme may be due to the p r o te ct ive qualiti es of the 
lipid rich sheath of the leptospire. It would be 
inte re sting to observe the combined effects of these 
enzymes to see if one could expose sites for the other 
to act upon. The lysozyme present in hum an tears 
a pp eared to have no effect w h a t s o e v e r  as the or g a n i s m  
existed in a viable state for a period in excess of 24 
hours. It is u n f o rtun at e that the sample of tears was 
too small for cry os copy as this would have enable an 
e st imate of the salt content of the fluid- to be made,
NaCl being its major inorg anic solute. Sodium chloride
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in neutral isosmotic  sol uti on does not have a drastic 
effect on le ptospira l viability, but may promote the 
acti on of enzymes such as amylase and lysozyme and, 
therefore, may be imp ortant to an animal in res is t i n g 
infection.
The abi lit y of the leptospires to survive in 
bovi ne serum is not surpris in g as the par asite is known  
to invade the b l o o d - s t r e a m  of the host during lepto-' 
spirosis. Prev io us studies on the l e p t o spiric id al 
pro pe rt ies of serum from ma mm als lacking specific 
im munity have shown that only n o n - p a t h o g e n i c  serotypes 
and avirul ent strains of p a t ho ge nic serotypes are likely 
to be af fected (Johnson & Muschel 1965,1966; Pai ne & 
Carter 1968). The donor animal in this experiment 
was s e r o n egativ e to serotype i c t e r o h a e m o r r h a g i a e  and 
the strain of i c t e r o h a e m o r r h a g i a e  used was of prove n 
v i r u l e n c e .
C o m p a r i s o n  of the effects exerted upon l e p t o ­
spiral v i a b i l i t y  by the fluids from the two species 
examined, amply de mo n s t r a t e s  the need for cautio n when 
e x t r a p o l a t i n g  to other species. A part ic ular example 
wo uld be that of saliva, w hi ch  in the cow would seem to 
pro vid e a meas ur e of p r o t e c t i o n  against infection via 
the mouth, whilst this would not be so in humans.
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The general feature of low via bi lity in fluids 
having pH values re mov ed from n e u t r a l i t y  and/or o s m o ­
larities elevate d beyond those found gener ally in the 
m a m m a l i a n  body is seen to be common to both species.
There is no reason to suppose that these paramet er s are 
not important in other animal fluids but it is i m p o r ­
tant to note that the converse conditions of n e u t r a l i t y  
and isot on icity  do not always ind icate a lack of l e p t o ­
spiricidal activity.
F r o m  the inf or m a t i o n  pro vided by this e x p e r i ­
ment it should be p o s s i b l e  to predict how e f fe ct ive the 
va rio us fluids are, either as transport m e dia for the 
disease, or as ba rriers against infection. The w i de ly  
held opinion that leptospires shed in urine will only 
re ma i n  viable if void ed into a wet environment, w hich  
is capable of dil utin g that urine, is supported here.
On the grounds that a high pH lessens the v i a b i l i t y  of 
the leptospires, it could be supposed that an en vi ronmen t 
that also reduced the pH of bovine urine wou ld favour 
survival even more, and an extensio n of this ex per im ent  
to inves tig ate this p r o p o s i t i o n  would be worth whi le. 
Bovine faeces were included in the list of fluids tested 
bec aus e this mate ri al forms the bulk of the substr ate 
to be found in many farmyard situations. Cattle often 
spend c o ns id erable periods standing in such conditions, 
e s p ec ia lly when stock is brought in off the pas ture during
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winter months. As the results show faeces to be harmful 
to L e p t o s p i r a , the risk of tra nsmis si on of the disease 
via farmyard soil is probabl y less than it might appear 
at first sight. An exam i n a t i o n  of such farmyard mire 
should be made before a definit e concl us ion could be 
dr awn  as w e a t h e r i n g  and b i o log ic al changes may take 
place w h ic h w o uld alter/the activi ty found under the 
presen t exp erimen ta l conditions.
It wo ul d seem u nlike ly  that infected milk 
could be a source of diseas e for the general m i l k ­
co nsu m i n g  public in countries wher e the product is 
dtistributed under hy genic cond iti ons such as operate 
in Britain. However,^ the survival time noted in this 
e xp eri men t w o uld  give an o p p o rtun it y for the spread of 
disea se to suckling calves and also to humans w o r k i n g
i
in close prox i m i t y  to infected animals.
Bovine saliva would appear to be high ly p r o ­
tective, es pe ci ally if the rapid d e t e r i o r a t i o n  of the 
cells observe d with the m i c r o s c o p e  is taken into 
account.
Human saliva also exerts a dam ag ing effect on 
leptospires, but to a lesser extent. If lepto spires were 
taken into a hum an m o uth it would seem that there is 
suffic ien t time for the util i z a t i o n  of any lesions in 
the mucosa, es pe cially when it is recalle d how rapidl y 
the o r g a n i s m  pen et rates  skin l e s i o n s . (3.3.3)
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The same may be said of human sweat, alt ho ugh  
this is a very v a ria bl e fluid and may be more or less 
active accordin g to the p r e v a i l i n g  conditions. In 
m an y instances, its p r o t e c t i v e  qualities  are lessened 
by dilu t i o n  or removal by external fluids such as river 
wa ter  or dew from vegetation.
The apparent absence of le pto spi ral act ivity  
in human tears is somewhat surp rising as this fluid is 
supposed to function as an antiseptic. If the d elic at e 
m em br a n e s  around the eye are pe rmeabl e to leptospires, 
it would seem that the secretions are unable to lessen 
the risk of infec tion if the area were to be splashed 
by, or bathed in, conta m i n a t e d  fluid.
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SECTION 5 
L e p t o s p i r a l  m o t i l i t y
5.1 Intr o d u c t i o n
The m o t i l i t y  of s p i r o c h a e t e s , e s p eci al ly the 
L e p t o s p i r a , has in tereste d many workers  and in spite 
of the a p p l i c a t i o n  of m o d e r n  tec hniques to ev al uate  
the str ucture and m o r p h o l o g y  of the group, no s a t i s ­
fac tor y explan ation s of leptospiral m ov em ent have yet 
been provided. T h o s e  whi ch  are given are minor parts 
of i nvesti ga tions and are attempts to ascribe fu nct ion 
to obs erved m o r p h o l o g i c a l  details.
The u n s a t i s f a c t o r y  nature of prev ious h y p o ­
theses is due to a lack of detailed, accurate d e s c r i p t i o n  
of the m o vem en ts in que st i o n  and the fact that older, 
ina cc urat e d e s c r ipt io ns have never been questioned.
Thus the assertions of Noguch i (1918) that L e p t o s p i r a 
spin in free liquid whils t p e r fo rming t r an slatio na l and 
n o n - t r a n s l a t i o n a l  movemen ts, are r e - i t e r a t e d  by Richie 
and E l l i n g h a u s e n  (1965). Their expl a n a t i o n  of m o t i l i t y  
p os tul ate s the role of the axial filament of the o r g a n ­
ism in the pr o d u c t i o n  of r otatio n of the whole body, 
t r a n slati on  taking place as a result of the prima ry 
spirals of the body acting as a propeller. Aga in  Na um an
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et a 1 a c co mp any their v alua bl e work on u l t r a s t r u c t u r e  
of axial filam ents by a similar hypothes is, and the 
statement that ’motile cells rotate upon their a x e s . . . ’ 
They  do not, however, consider that the spiral of the 
cell body pr ov ides all the pr opulsio n but infer that the 
hooked ends of the cell may act as propellers. No gu chi  
(1918), however, also ob served that ’when one end is 
straight and the other s e m i c i r c u l a r l y  hooked, the o r g a n ­
ism usua ll y p r o gr es ses in the di rec t i o n  of the straight 
p or t i o n  and seems to be p r op elled from the rear by the 
r o tati ng  h o o k ’ . A l t h o u g h  not correct in impor tant  
details, the o b s e r v a t i o n  of tr anslati on al m o v e m e n t  in 
the di re c t i o n  of a s tr aighte ne d porti on  is a fundame nt al 
p r i n c i p l e .
Closer e x a m i n a t i o n  shows these e xplanat io ns  
and o b s e r va ti ons to be at v a rian ce  with the physi ca l 
p r i nc iples  of fluid mechanics. The o b serva ti ons p r e s e n ­
ted here are be li eve d to be in accord with these p r i n ­
ciples.
5.2 Methods
O b s e r v a t i o n s  were made using a Reicher t Ze to pan 
re se a r c h  m i c r o s c o p e  fitted with a wid ef i e l d  imm er si on 
d a r k - g r o u n d  condenser. The obj ect ives used most fre­
que nt ly  were 60x and 95x iris d i a p h r a g m  with gly ce rin 
i mm er sio n and lOOx iris d i a p h r a g m  with oil immersion.
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R ec or dings were made w it h an ITC viewf in der te le vision  
camera, model VF/302, m ou nt ed di rectly onto the p h o t o ­
graph ic tube of the m i c r o s c o p e  witho ut eyepiec e of 
camera lens in the optical train and reco rded onto a 
Sony Type CV-21 00 ACE v i d e o r e c o r d e r  using BASF v i d e o ­
tape.
Serotype i c t e r o h a e m o r r h a g i a e  strain 3H 
culture d in Korthof  m e d i u m  and r e gu la rly pas saged 
through Syrian Gold en hams ter s was used in this i n v e s t ­
igation. P a r t i c u l a t e  ma tte r was supplied to the o r g a n ­
ism either as pa rticles  of agar, added to the culture 
on the m i c r o s c o p e  slide, or by al lowing an active 
cultur e to invade semi-so li d nutrien t agar for twenty- 
four hours in petri dishes held at 30°C.
5.3 Results
The results of the obse rv ations are divided 
into three ca tegories  ac cord in g to the three types of 
env ir on ment studied. These were, free liquid, liquid/ 
solid interfaces, and a semi-solid, gel ati nous medium. 
V i d e o - r e c o r d s  were used to help in co mpi ling a catalog ue 
of the types of m o ve me nts performed, but these lacked 
the de fin i t i o n  to provide more detailed i n f o r ma ti on and 
so direct o b s e r v a t i o n  was used to elucida te the precis e 
detail of the variou s movements.
151
5.3.1 M o v e m e n t  in free liquid
5.3 . 1.1 N o n - t r a n s l a t i o n a l  mov ement
This is the type most commonly seen in i l l u m ­
inated active cultures. The body remains 
re la t i v e l y  statio na ry with either end w a v i n g  
in a circ ular m o t i o n  in opposit e directions.
The o r g a n i s m  n o r m a l l y  moves so ra pidly that it 
appears to be spin ning and the hooked ends 
blur into the fa miliar ’b u t t o n - h o l e ' figure 
de scrib ed  in the p u bl is hed literature. However, 
o rga nisms may be obse rve d mo ving more slowly, 
es pe c i a l l y  as the effects of illum i n a t i o n  cause 
a d ecrea se  in activity. It is under such 
conditi on s that c o n t r a - r o t a t i o n  of the hooked 
ends may be observed, especi al ly when the long 
axis of the o r g a n i s m  lies p e r p e n d i c u l a r l y  to 
the plane of the field of view. Whilst care 
must be exerci sed in e x t r a p o l a t i n g  from the 
b eh av i o u r  of possi b l y  damaged org anisms to the 
normal state, the o b s e r v a t i o n  that organi sms 
de c ele ra te smoothl y would suggest that an 
abrupt change in act ivi ty is unlikely. The 
forces produced by this type of mov em ent are 
seen to be equal in all di rections as there is 
no net change in the p os ition of the organism.
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5.3.1.2 T r a n s l a t i o n a l  move men t
The end towards w h i c h  the t ran sl ation is 
eff ect ed pe rfo rms helical waves trav el ling 
for a short distance of the length of the cell 
towards the tra ili ng end. The trailing end 
forms a broad hook w h i c h  waves in an i r r e g ­
ular circle in the opposite direction  to the 
p r o p u l s i v e  helic al wave to provide s t ab ility and 
red uce  r o t a t i o n  of the wh ole  body to a minimum. 
The helical  wave may also be observed wh en  a 
po rt i o n  of the body is fixed to, or embed ded in, 
a p artic le  and unabl e to rotate. An o r g a n i s m  
has been observ ed mo ving with a piece of 
colloidal graphi te fixed to the tip of the 
tr ai ling  end. The part icle was so m a s sive with 
respect to the o r g a n i s m  that there was no 
tendency for the body to rotate, emp ha s i s i n g  
the fun ction of the hooked tail.
5.3.2 Mo v e m e n t  on a smooth substrate
5.3.2.1 Cr awling
This may be snake -l ike or, al ternati vely, parts 
of the body may be lifted clear and then r e ­
applied. A variant on this is circular crawling 
in whi ch no sideways waves of pr o p u l s i o n  are
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seen. The body in this case follows a circular 
path, the c i r c u m f e r e n c e  of w hich is n o rm al ly 
less than the length of the body.
5.3.2.2 A n c h o r i n g
One end remains fixed to the subst rate and can 
remain so de spi te high rates of flow in the 
medium. Frequently,  one end of the o r g a n i s m  is 
seen to be fixed to itself further along, in 
place of the substrate, forming a shape similar 
to a b u b b l e - b l o w i n g  loop.
5 . 3.2.3 Staple m oveme nt
This is so called be cause it can be imagined that 
the o r g a n i s m  is pas sing  through a staple or hoop 
fixed to the substrate. This move me nt often 
follows a n cho ri ng and is most p r ob ab ly due to the 
same process. By virtue of the small radius 
of the p r o t o p l a s m i c  cylinder, the surface energy 
would be r e l at iv ely high, p r ovidin g the physica l 
adhesion  n e c e s s a r y  for this type of behaviour. 
When the o r g a n i s m  moves through the ’staple' the 
spiral of the pr o t o p l a s m i c  cylinder behaves as 
if it were a screw, threading through a small 
hole. This keeps the cell in intimate contact 
with the substrate in a c c or da nce with the surface
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energy concept. There is, at present, no direct 
evidence to indica te that surface energy forces 
are r e s p o n s i b l e  for the ph en o m e n a  observed. 
Equally, there is no evidenc e to indicate the 
pre se nc e of adhesi ve  organelles or the sec re tion  
of adhesive sub stanc es
5.3.3 Mo ve m e n t s  in semi- so lid m e d i u m
5. 3.3.1 Snaking _
Tr a n s l a t i o n  is ef fected by snaking throug h the 
m e d i u m  w it h the body co nf orming  to the texture 
of the medium. The body is shown to be very 
flexible. It is not obvious how m ovement  is 
actually carried out, but the body once again 
screws through the medium.
5.4 Conc lusions
The most impor tant point to arise from these 
o b s e r vati on s is the noti o n  the Le p t o s p i r a  do not rota te 
about the axis in free liquid as has p r e v i o u s l y  been 
supposed. O b s e r v a t i o n  has shown that the hook at the 
trailing end of an o r g a n i s m  p e r f o r m i n g  t r a ns lation al  
m o v e m e n t  remains r e l a t i v e l y  still, thereby pr ov i d i n g  
an ’inert h e a d ’ fu ndamental to the e f f ec ti veness  of the 
helical waves of the leading end of the cell as demanded 
by T a y l o r ’s calc ul ations on p r o p u l s i o n  by helical waves
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(Taylor, 1961). This basic require me nt is not included 
in previous observations.
A certain amount of roll about the long axis 
is ine vi table  as a c o n s eq uence of the helical na tur e of 
the pr op u l s i v e  waves (Chwang & Wu, 1971), but this can 
be seen to be co rre cted for by flic king mo ve m e n t s  of the 
trailing hook. Any re ma ining rotation could not be 
confuse d wi th the rapid spinning de sc ribed pr evi o u s l y  
(Noguchi, 1918, Ritchie  & Ellin gha usen,  1965, N a u m a n  e^ 
a l , 1969). The rapid spinning seen in n o n - t r a n s l a t o r y  
m oveme nt  is now seen to be an illusion. There is no 
process ava ilable to produce rapid spinning in the 
absen ce of flagellae, cilia, or jet devices, none of 
w h i c h  have been observed. It is, however, a physical 
r ea li ty that the ends can wave in circles of oppo sit e 
direction, each p r ov iding the ne c e s s a r y  rea cti on  to the 
o t h e r .
Any attempts to exp lain these mo vem e n t s  at 
the sub -ce ll ular level must be s p e c ul ative at the 
moment. It is possible  that the axial filament might 
be responsib le, provi ded that it extends along the axis 
of the whole body and is not itself a spiralled s t r u c ­
ture. This c o nd ition does in fact seem to be fulfilled  
(Nauman e^ ^  1969), a fact that eases the p r o blem s ome ­
what, since a system w h e r e b y  a spiralled filament
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produces secon dary spiral waves, defies imagination. 
The axial filamen ts are known  to extend from each end 
of the cell for a short distance  towards the middle, 
and it is the terminal portion  of the cell that p e r ­
forms the loc om ot ory function.
Y a n a g i h a r a  and Mi fuchi (1968) report m i c r o ­
fibrils in the cell wall, w h i c h  might be supposed to 
have a c o n t ractile  nature, and though it is difficult  
to vi su a l i s e  how fibres so placed could prod uc e the 
pr o pul si ve w a v i n g  movements,  they could pr ovide an 
ex p l a n a t i o n * f o r  the snaking and glidin g mo ve m e n t s  in 
and on solids.
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S ECT ION 6 
Discus sion
The t r a n s m i s s i o n  of leptospires is a com pl ex  
process. The o r g a n i s m  has been shown to be very d e l i ­
cate: such factors as drying, high temp era tures  and
slow free zing (Okazaki & Ringen 1957; R y u ’ & Liu 1966) 
and pH values more than one unit either side of 
n e u t r a l i t y  (Okazaki & Rin gen 1957 ; Chang e_t a_l 1948; 
Smith & Turner 1961) are kno wn  to injure or kill.
The present expe rimen ts  c o n fi rm  that dilute, ne utral  
solutions are most favourabl e for leptospires and are 
therefore the best transport  media in the cycle of 
infection. .Escape.from infected animals is via the 
urine in the m a j o r i t y  of cases. This fluid, whil s t  
bei ng well placed to d i s s e m i n a t e  the organisms, may 
have ch ar acte r i s t i c s  that wou ld damage the leptospires. 
It has been shown here that urines from separate 
species have differen t effects upon leptos pires and it 
is quite likely that the leptosp i r i c i d a l  qua lity of 
urine will vary with time in one animal. It w oul d be 
i n t e re st ing to know if the urine of carrier species 
was any more fav our ab le to the exis tence of lepto spi res
The in fec ti ng of a new host is most prob a b l y  
a matter of chance, no ch em ota xis ha vin g been d e m o n ­
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strated. From studies on the m o t i l i t y  of leptospires, 
it became obvious that the or g a n i s m  has an affi nit y 
for surfaces and will bu rr ow  rapidly into semi-s olid 
agar. It is reason ab le to suppose that a po tenti al 
host wou ld provide a suitable surface for fixation, 
and any lesions on that surface would be treated in a 
similar manner to the agar. The absenc e of any d e m o n ­
strable abilit y to degrade m u c o p o l y s a c c h a r i d e s  means^ 
that pe ne t r a t i o n  is not aided by enzymes. This finding 
is contrary to the results obtained by Vo lland and 
Brede (1951) who claimed to have d e m o n s t r a t e d  a 
sprea din g factor in cell free filtrates of leptospire s 
and that the e f f ic iency of this factor was related to 
v i r u l e n c e  of the strain. Whilst it is poss ib le that 
the strain used in the present work is abnormal in 
its d e f icie nc y of h y a l u r o n i d a s e , such a d e f i c i e n c y  
has been found by other worker s in other serotypes, 
e.g. poniona (Miller e_t ^  1970). The refore, if it is 
ever produced, h y a l u r o n i d a s e  is not a ne ces s a r y  c o m ­
ponent of leptospiral  virulence.
Once inside the new host, the highly m o ti le 
nature of the le pt osp ire noted in this work and by 
earlier wor ker s (Stavitsky 1945) greatly fac ilitates  
their disseminatio n. In the present work, leptospires 
were found to have reached the liver only 30 minutes 
after being applied to a small skin lesion. Whether
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the very small di ame ter of the cell, coupled with the 
hi ghly mo tile  nature enables the leptospire to pass 
through cap illar y walls in the same manner as whi te  
cells, is not known. Work on pla cental t r a n s m i s s i o n  in 
sheep showed that a high density of organis ms in the 
ma ternal cir cu l a t i o n  was n e c e s s a r y  if foetal infecti on 
was to follow (Smith e_t aj^ , 1970). Such results as 
these support the co nc l u s i o n  drawn from results of 
exp er im ents in the present wo rk that leptospires  are 
not efficient, if indeed at all able, to pe net r a t e  
intact membranes. The comp lete lack of m i c r o s c o p i c  
e vi dence for such p e n e t r a t i o n  is somewhat cont r a d i c t e d  
by results from ex periments w h i c h  utilise intact body 
surfaces as routes of infection. The in cidence  of 
infection, whilst being low in c o m p a r i s o n  to m o d i f i e d  
and injured surfaces, is ne ver t h e l e s s  significant.
The meani ng  given to the results of these two types of 
expe rim ent is, at the moment, that, whilst being unable 
to p e net ra te an intact surface, the lep tos pi re is well 
able to make use of any mi nute br eaches suffered by 
such surfaces as a natural c o n s eq uence of being part 
of a living body.
The qu ali ties of body surfaces that confer 
pro te ct ive capa cit y may be divided into two. Firstly, 
the variou s secretions that are pro duced may have a 
ph ys i c o c h e m i c a l  effect, such as extreme pH found in
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human sweat and bovine saliva, or a purely phy sic al 
effect as is the case with the glutinous slime prod uced 
by cert ain muco sal membrane s, e.g. the nasal mucosa.
This point may still be deb at able as a result of wor k 
done by Kaiser and D o e t s c h  (1975) d e s cri bi ng the 
enha nce d t r a nslatio na l m o t i l i t y  of leptospires in 
vis cou s environm ents. Secondly, the prope rt y of 
continuity. As has been said, there is no ev ide nce  to 
suggest that a truly cont inuous ba rrier  will permit the 
p as sa ge of a leptospire. The thickness of this barri er 
is only important in its ab il ity to resist d i s r u p t i o n  
caused by abrasion and cuts. It is k no wn  that l e p t o ­
spires can damage cells and surfaces of the body, but 
this is only obse rved in cell culture s (Miller et a 1, 
1970; Finn '& Je nkin 1973 ; Rose e_t a_l 1966 ; Parnas & 
Pi nki e w i c z  1966) or in infected tissues such as ki dney 
tubules (Miller & Wi lson 1966, 1967; Marsh al l 1974) 
and is a result of an imperfect h o s t / p a r a s i t e  r e l a t i o n ­
ship m a n i f e s t e d  by r eact io n to the m e t a b o l i t e s  and 
sec ret ions of large numbers of leptospires. This 
s i t ua ti on is m a r k e d l y  di ffe re nt from the c o m p a r a t i v e l y 
low density of or ganis ms found in natural external 
s i t u a t i o n s .
As is the case w i t h  most expe ri mental work, 
there are many question s left unanswered. Many of these 
q ues tions lie out side the capa b i l i t y  of the present
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techniques. The p r o b l e m  of f i n d i n g ’n a t u r a l ’ sites 
of le pto spira l p e n e t r a t i o n  is largely one of scale, 
hence the use of very high densi ties of lep to spires 
and se ns itive m i c r o s c o p i c a l  techniques to increase the 
chances of findin g such events. Even so, it was found 
n e c e s s a r y  to use c o m p a r a t i v e l y  severel y damaged skin 
in order to pr oduce suffici ent p e n e t r a t i o n  to all ow  
any sort of study. Therefore, the hope of d e s c r i b i n g  
leptospiral  p e n e t r a t i o n  via n a t u r a l l y  occuring lesions 
using m i c r o s c o p i c a l  methods, has for the moment been 
frustrated. When p e n e t r a t i o n  was observed, there was 
the p r o b l e m  of r el at ing the d i s t r i b u t i o n  of the 
invading organisms to the tissue structures. It is not 
easy to combine the f lu or escent  ant ib ody method with  
normal histology. One me thod  woul d be to p h o t o g r a p h  
the fluor es cent p r e p a r a t i o n  and s u pe r- impose the image 
on a ph o t o g r a p h  of the same section stained in a 
routine manner. This m e thod only works in a very 
general manner and a great deal of u n c e r t a i n t y  is 
at tac hed to the precise lo cation of the antigen. The 
second method to be attempt ed  was the u t i l i z a t i o n  of 
i n terf er ence contras t m i c r o s c o p y  to make apparen t 
un st ai ned tissue structures. This elegant techn ique  
is capabl e of pr o v i d i n g  a great deal of i nfo rm ation 
but its us ef uln ess was severely limited by un f o r s e e n  
design ina dequa ci es of the mi crosc ope. The problem s
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being, firstly, that the glycer ine immersion objective s 
of high N.A. used in the fl uorescen t antibod y exami na tions 
were not m a t ched for use with the inter feren ce  contrast 
condenser. Secondly, the glyc erine from the im mersion  
w i d e - f i e l d  conden ser  in terferre d w it h the in te rf erence 
condenser unless it was removed. Rem ov ing the slide for 
clea nin g pre cl uded the p o s s i b i l i t y  of exact r e g i s t r a t i o n  
of images. There are two ways of overcom in g these 
problems. The first is to use incident fl uor e s c e n c e  
and an int erfere nc e condenser corr ected for use wi th 
glycerine immers ion objectives. With dual illumina tio n, 
a p e rfe ct ly regis te red image should be possible. This 
me th od  requires the p r o v i s i o n  of an expens iv e m e r c u r y  
arc lamp, an incident fluor escent unit and a modi f i e d 
i nterf er ence contrast condenser. The second me thod  is 
to aba ndo n the flu oresc en t method and utilise the enzyme 
labelled ant ib ody technique (A.l and A . 4). Whilst this 
t ech nique renders the o r g a n i s m  rather less obvious 
dur ing  low power scanning of large number s of sections, 
it is possib le to use a del icate c o u n t e r s t a i n  and vi ew 
the p r e p a r a t i o n  using transmit ted light at high m a g n i f ­
ications. If i n terfe re nce contrast is used in c o n j u n c ­
tion, a very clear image can be obtained, p rovi de d that 
the in te rf erence effect is kept to a bare m i n i m u m  in 
order to avoid swamping ' the del ic acy of the prepa ration. 
It is un for t u n a t e  that this techn ique was develo pe d  
and conjugates mark e t e d  too late for a pp li cation to the
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main portio n of this work. Any future investiga ti ons 
along these lines must include a proper ex ami n a t i o n  of 
the full capabi lities and limitations of this technique.
The choice of experi mental  animal has been 
explained (Introduction) and for most purposes the 
hamster proved suitable. It must be borne in mind, 
however, that results obtained  from one species do not 
au t o m a t i c a l l y  apply to all others. The dif feren ce s  
be t wee n susceptible, resistant and carrier species may 
be the result of v a r i a t i o n  in one or more of the 
p ar ame ter s examined in the present work. However 
un li ke ly this may seem, it cannot be d i s r egar de d in 
the absence of exp erim en tal evidence.
Attempts  to quan ti fy invasiv eness or the 
p e n e t r a b i l i t y  of various surfaces were frustrated. It 
was not po ssible to p e r f o r m  q u a n t i t a t i v e  m i c r o s c o p y  
for reasons explained in the co nclusion s of the 
ap p r opriat e sectio n (Section 3.3.3). In addition, the 
act of taking a sample of penet r a t e d  surface at an 
instant in time, obs cures the dynamic aspect of the 
situation. There is no way of kn owing how many organ isms 
move directly  into the b l o o d s t r e a m  as compared to those 
that spread slowly into the un der l y i n g  tissue. The 
results of the expe riment concerned  with the r e l a t i o n ­
ship between the in fecting  dose and survival time
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showed quite clear ly that any r e l a t io ns hip there might 
have been was too coarse to be of use in this context.
It was also con sidered  that the strain of L e p t o s p i r a  
being used became p r o g r e s s i v e l y  more likely to produce 
chronic kidney infection s than the acute symptoms 
obse rve d at first, thus p r ov id ing another var iable 
that would be difficul t to quantify.
The method s used to examine the survival time
of leptospires in variou s fluids (Section 4) were c o n ­
sidered to be the best approa ch  to the problem. The 
o b je ction to these met hod s has a bear in g on all e x p e r i ­
ments using L e p t o s p i r a , namely what is a 'natural 
leptospire' and how is such an o r g a n i s m  best a p p r o x ­
imated in a la boratory situation? In nature, a 
lep tos pire will in all pr o b a b i l i t y  have been passed 
from the kid ney of a host or carrier in the urine. It 
will then have come into contact wi th soil, water, etc., 
or have fallen onto the surface of another poss ible 
host. The effects of these various fluids is not known  
but there is evidenc e to show that the cell surface is 
altered in some way by contact with various solutions 
(A.2). If c u l t u r e - g r o w n  organi sms  are used, the l e p t o ­
spires are a c c l i mat iz ed  to a s e r um -rich solu tion of
neutr al pH and low osmolarity. Org an isms ext racted 
from blood may, initially, be nearer to the 'natural' 
state, but the e x t ra ct io n p r oc ed ure may alter this
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drastically. In either case, it has been found that 
serum in a test m e d i u m  protects the lepto spire s from 
damage (Okazaki & Ringen 1957) and must be remove d if 
me an i n g f u l  results are to be obtained. Certainly, it 
is important to state what treatment the organisms have 
had before any experiment is performed, and to avoid 
such harmful procedu re s as wash i n g  in saline (Mishra, 
1964).
The ev aluat io n of such effects woul d provide 
a useful topic for further i n v e s t i g a t i o n  and through 
this, the whole question  of lepto spi ral survival in 
v ari ous en vi ron ments could be appro ac hed on a more 
con tro lled basis. A proper survey of the genus for 
the p r o d uc tion of p e n e t r a t i o n  enzymes should be c o n d u c ­
ted, using mo de r n  techniques to co mp lem ent the c o n s i d ­
erable literature on the p r o d u c t i o n  of enzymes such 
as lipases (Addamiano & Papa, 1966; Kmety & Bakos, 
1961).
To learn more about pe ne tration, it might be 
po ss ib le to employ ele ctron microscop y, though this 
wou ld make locating the organ ism s even more di fficu lt 
than it is with the light microsc ope. Certainly, it 
is int erestin g to speculate exactly how le pto spire s 
pass the various barriers and gain entry to kidne y 
tubules, capillaries, C.S.F., etc. Once again, the
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e le ctr on m i c r o s c o p e  may be employed p os si bly in c o n ­
ju nc ti on with ferritin  labelled antibody.
A great deal remains to be dis cov er ed about 
leptosp ira l motility. The use of high -speed  cine- 
m i c r o p h o t o g r a p h y  is needed to examine exactly how the 
vario us mo ve me nts exhib ited by the leptos pire are 
pe rf or med (Section 5, Cox & Twigg, 1974). High 
resol u t i o n  ele ct ro n m i c r o s c o p y  is needed in a ddit io n to 
that already per fo rmed (Ritchie, 1963, Ritc hi e & 
E ll inghaus en, 1965; Na uman aT, 1969) to find out 
more about the loco motory structures of lep to sp ires and 
p a r t i c u l a r l y  to shed light on their re ma r k a b l e  abilit y 
to move in viscous and semi-solid environments. In the 
same area of interest is the abil ity of the o r g a n i s m  to 
attach to the substrate. The theories put forward to 
ex pl ain this p h e n o m e n o n  need to be tested, po s s i b l y  by 
altering  the ele ctrical c h ar acteri st ics of the var iou s 
surfaces or solutions. The ability to move may be one 
of the most important aspects in the success of the 
o r g a n i s m  as a parasite.
In p r acti ca l terms, p os si bly the most i m p o r ­
tant aspects of leptospiral bi ology is the carrier state 
The mechani sm s involved are only va gu ely understood, in 
spite of the interest shown in the p r o b l e m  (Ananyin & 
Semyonova, 1966 ; Faine, 1962a, 1962b; Faine & Carter
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1968; Faine e_t a T , 1974). It is this state that 
perp et uates the dis eases caused by leptospir es and it 
is often difficult to cure. Carrier species should be 
compared with susc ep tible and re sistant  species in terms 
of immune reaction and kidney ultrastruct ure. Also the 
anti ge ni c properties of the leptospire that permit the 
c o l o n i s a t i o n  of the kidneys of immune animals should be 
studied further, as should the causes of the pe cul iar 
di s t r i b u t i o n  of leptosp ires in such co lon ised kidneys 
(Twigg & C o x , . 1976).
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A P P E N D I X  1
O b s e r va tions on kidney damage in hamsters 
exposed to lepto spi res extracted from blood 
wi th  p h o s p h a t e / a c e t i c  acid buffer
Al.l Int ro duction
As part of many of the exper im ents carried 
out during this work, leptospires were tested for 
v i a b i l i t y  and p a t h o g e n i c i t y  by app lyi ng the o r g a n i s m  
to damaged belly skin of hamsters. It was b eli ev ed 
that this would provide a more accu rate esti mate of 
the state of the lep tospire  than would in t r a p e r i t o n e a l 
injection, as the o r g a n i s m  would have to possess 
suffici ent  v i a b i l i t y  to gain access to the host, 
p e n e t r a t i n g  the admi tt edly w e a k e n e d  n o n - s p e c i f i c  
defe nce s of the animal. It would also give less 
o p p o r t u n i t y  for the pos si bly toxic leptospi ral b r e a k ­
down product s prod uced during an exp er im ent to enter 
than would be the case with direct injection. Where 
no n - steril e fluids were used as a. test medium, less 
op po r t u n i t y  would be provided  for other organism s to 
enter, causing p er it onitis  with att en dant dist res s to 
the animals and co nf us ion of the result.
In order to eval uate the effects of such 
exposures, the exp erimen ta l animals were obse rved for
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a period of 14 days. Animals dying w i thin  that period 
were examined for patent lept o s p i r a e m i a  and if no l e p t o ­
spires were found in blood or organs by dark ground 
e x a m i n a t i o n  then samples of organs, notably kidney, were 
taken for flu or es cent an tibody examination. At the end 
of the experiment, all the animals were killed and 
organs taken for fluores ce nt antibody  examination.
Results from animals dying of a patent in fe ction or 
havin g r e c o g n i s a b l e  le ptospire s in the tissues, were 
taken as having been exposed to vi able pa thogeni c 
leptospires. However, it was found that animals s u r ­
v iv i n g  14 days after infect io n by any route were u n l i k e l y 
to become patent at a later stage and could, therefore, 
be taken to have o vercome  the disea se entirely or have 
been exposed to le ptospire s so damage d as to be no 
longer viable. Many of these animals showed a dif fuse 
fl u o r es cence in the k i dn ey after im mu n o f I n c r e s c e n t  
staining. No leptospires could be distingu is hed, but 
the staining appeared to be specific. It was felt 
essential to inv estiga te  this p h e n o m e n o n  to elu ci date  
whet h e r  this was due to the action of vi able organ isms  
or to a more subtle m e c h a n i s m  in volving perhaps the 
d e p o s i t i o n  of immune compl exes formed as a result of 
the i nt er action  of leptos piral fragments on the host's 
immune system and then su bsequent d e p o s i t i o n  in the i n t e r ­
stices of the kidney.
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A l .2 Method
Le pt o s p i r e s  were extracted from the heart blood
,  ^ . . .
of an animal w h ich  an advance d le pto s p i r a e m i a  us in g the .
A . . , /
same me thod of e x t ra ct ion and the same N a H P O . / C H . C O O H
Z 4 3
buff er as used in ex periments to determin e the effects 
of pH and osmotic pre ssure on leptosp iral v i a b i l i t y  
(Section 4).
After one hour in this buffer, the organ ism s 
were spread onto the lightly scarif ied bel ly skin of 
seven anaesthe ti sed we a n l i n g  hamsters, one control 
animal being treated wi th sterile buffer solution.
These animals were ki lled at 2 day intervals and examine d 
to see how far the disease had advanced, part i c u l a r  
emp hasis being placed on the state of the kidney. All 
animals were examined for gross p a t h o l o g i c a l  change, 
blood was examined by d a r k - g r o u n d  m i c r o s c o p y  for the 
prese n c e  of leptospires, and by serology for ant ibody 
level. A ha ema t o c r i t  re ading was made and the thickness 
of the buffy coat layer was observed subjectivly.
Cu ltures were made from kidney, blood and liver, while 
samples of spleen, liver, ki dn ey and lung were stained 
' with both the f l u o rescent  and pe ro x i d a s e  labelled a n t i ­
body techniques.
Animal No. 6 was killed extremis on day 9 
and animal No. 7 was found dead on day 9. The latter
171
was not examin ed for serum antib od y as the blood had 
clo tte d and the lungs were not examined by the labelled 
a nt ib ody techni ques as autolys is had proceede d too far.
All kid neys were examined w it h fluo re scent 
labelle d hamst er anti globu lin, raised in swine. (Nordic 
D i a g n o s t i c s  SwAHa/FITC)
A l .3 Results
Re sul ts are p r e sented  in tabular form (Table 
Al.3.1) and as a series of p h o t ograph s (Figure Al.3.2)
A l . 4 Conclus ions
The chief purp ose of this ex pe rim ent was to 
i n v e st ig ate the p h e n o m e n o n  of di ffuse specific immuno- 
h i s t o l o g i c a l  stainin g of ki dn ey sections of hams ters 
e xpo sed to lepto spi res in the course of the main e x p e r ­
iments of this work.
No stai ning was ob served after treating 
sections wi th the an t i - h a m s t e r  conjugate, therefor e 
there is no reaso n to suppose that the effect is due to 
the d e p o s i t i o n  of hamster  i m m u n o g l o b u l i n  in the i n t e r ­
stitial tissue in a manner similar to that d e sc ribed in 
the dog by Kro hn e_t aT (1971).
The first appea r a n c e  of stain abl e leptospires 
in the ki dn ey on day 2 (Figure A .1 .3 .2(a)) was accom p a n i e d
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by cu lt i v a t a b l e  organ isms from both this organ and the 
liver. Flecks of antigen were also found in the liver, 
spleen and lung, though w hole  org anisms could not be 
seen at this stage. By day 4 the in fection in the ki dn ey  
was more pro no unced (Figure A . 1 . 3 . 2(b)), le pto spire s 
bei ng  most abundant in the m e d u l l a  and pre sen t in the 
cortex as 'lines' ra diat in g along the 'grain' of the 
tissue caused by the lie of the tubules. At this stage, 
a b a c t e r a e m i a  was detected  by dark - g r o u n d  m i c r o s c o p y  
and antig en began stainin g in the liver, spleen and 
lungs. Pr es umably the kidneys were now relea s i n g  l e p t o ­
spires into the b l o o d s t r e a m  and some of these orga nis ms 
were then being filtered out by the ph ag o c y t i c  cells in 
the other organs examined.
On day 6, the number s of lept os pires  in the 
kid ney s had increased m a r k e d l y  and there was also 
eviden ce of d e g e n e r a t i o n  of some of these organisms, 
ac co mpan ie d by the app e a r a n c e  of staining in some of the 
i nt er sti tial cells (Figure A . 1 . 3 . 2(c)). The le ptosp ires 
in the b l o o d s t r e a m  gave the im pre s s i o n  of bein g slightly 
a g g l u tina te d and indeed a titre of 1:1K was found. This 
rapid re sp ons e is p r o b a b l y  a maj or factor in dete r m i n i n g  
the no n- fa tal course of many of these infec tions and may 
be due to the rapid d e t e c t i o n  of the origina l dose of 
a nt ig en as a result of the r e duc ti on in v i a b i l i t y  of a 
p r o p o r t i o n  of the inv adi ng  leptospires related to subtle
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damage of the cell coat or me mbr a n e  by the buffer system 
used in the e x t r a c t i o n  procedure. On day 8, there were 
no intact leptos pires seen in stained k i dney  sections, 
though cultures grew from these organs. A n t i g e n  stained 
in the int erst it ial cells and p a t h o logica l change was 
observed in the form of disten de d Bowman's capsule s 
(Figure A . 1 . 3 . 2(d)). No le ptosp ires were ob served in, 
or were cultivat ed  from, the blood and dif fuse anti gen 
stained in liver, lung and in spleen, wh ere  it was 
largely confined to the red pulp. The titre was found 
to b e - l : 3 K  and the huffy coat layer in the h a e m a t o c r i t  
c ap il lar y was thicker than normal. This reaction, 
be in g an ext ension of that ob se rve d two days earlier, 
pr es u m a b l y  made the ci rc u l a t i n g  organism s very prone to 
cap tur e by fixed and free phagocytes. The animal 
examined on day 10 still showed no outward signs of i l l ­
ness, but p o s t - m o r t e m  ex am i n a t i o n  p ro duced eviden ce of 
p a t h o logi ca l change similar to, but more p r o n o u n c e d  than, 
those seen on day 8. The kidneys were not only pale, 
as they were on day 8, but had a mo tt l e d  appearance.
When these were exam ine d by immunohi sto logical techniques  
it was seen that areas of heavy sta ining co rre s p o n d e d  to 
areas of greatest damage and these areas in turn were 
vi si ble as patches wh en they were on the surface of the 
or gan (Figure A . 1 . 3 . 2(e)).
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The a p p e a r a n c e  of sections of these kidneys  
when stained by im munohist o logical metho ds is i n d i s t ­
ingu is hable from kid neys  scored as 'Diffuse positive' in 
earlier experiments. It is, therefore, consi d e r e d  that 
these diffuse pos it ive kidne y sections were ind ic ative 
of inva sion by leptospires, in all cases.
The two animals that survived only to day 9 
were also examined and found to have similar lesions to 
the day 10 animal except that the k i dney damage was 
p ossib ly  more extensive. They had not died in what is 
thought of as the normal course of the disease, wi th 
ha emo r r h a g e  and icterus; more likely death was due 
to the failure of the kidneys. No le ptosp ires could be 
cultured from any of their tissues a lthou gh  animal 
No. 7 had some leptosp ires in the ki dn ey  tubules (Figure 
A . 1 . 3 . 2(f) & (g)).
The cause of the damage to the kidneys is not 
known, but it would seem that damage occurs after the 
leptospires are seen to d e g e n e r a t e  and when the blood 
titre is rising, w h i c h  suggests that the b r e a k d o w n  of the 
o r g a n i s m  is re l e a s i n g  a nephro toxin . The exis tan ce of 
such endotoxins is supporte d by many authors (Imaraura e_t 
a l , 1957 ; M i l l e r  e_t 1970 ; Parnas e^ a_l, 1968 ;
Stevens et al, 1956).
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Table Al.3.1
Effects of Leptospira on hamster kidney
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Figure Al.3,2
Kidney sections stained by immunohistological methods
(a) Day 2
(b) Day 4
I
179
Figure Al.3.2
(c) Day 6
Cd) Day 8
I ;
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Figure Al.3.2
(e) Day 10
Cf) Day 9
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* f
Figure Al.3.2
(g) Day 9
(h) Control

185
A P P E N D I X  2
The ef fe ct  of v a r i o u s  b u f f e r  systems 
on the s u b s e q u e n t  a b i l i t y  of 
l e p t o s p i r e s  to survi ve  in di l u t e  urea
A 2 .1 I n t r o d u c t i o n
This e x p e r i m e n t  was s u g g e s t e d  by o b s e r v a t i o n s  
t a ke n d u r i n g  oth er e x p e r i m e n t s  and conce r n s  the ef f e c t s  
of v a r i o u s  s o l u t i o n s  on the lept o s p i r e s .  The a b i l i t y  
to surv i v e  in 2% urea was taken as an i n d i c a t i o n  of 
'n ormality' b e c a u s e  the u r ine is k n o w n  to supp ort 
l e p t o s p i r e s  u n de r n a t u r a l  cond i t i o n s .  C o n v e r s e l y ,  
i n a b i l i t y  to s u r v i v e  in 2% ur ea was take n to s i g n i f y  
some sort of damage. The obj e c t  of the e x p e r i m e n t  was 
to d i s c o v e r  a s u i t a b l e  b u f f e r  s o l u t i o n  for w a s h i n g  
s e r u m  out of l e p t o s p i r a l  s u s p e n s i o n s  w i t h o u t  c a u s i n g  
damage. All the b u f f e r s  used s u p p o r t e d  the a c t i v i t y  
of l e p t o s p i r e s  for m a n y  hours and did not ca us e o b v i o u s  
d a m a g e .
A 2 . 2  M e t h o d
C u l t u r e  g rown o r g a n i s m s  w e r e  r e s u s p e n d e d  
afte r c e n t r i f u g a t i o n  in one of a series of s o l u t i o n s  
(See T a b l e  A 2.3.1 ).  A f t e r  three hou rs the s u s p e n s i o n s  
w e r e  c e n t r i f u g e d  and the cells r e s u s p e n d e d  in 2% urea
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solution, n e u t r a l i z e d  w i t h  NH^OH.
All s o l u t i o n s  used had an o s m otic  p r e s s u r e  of
300 mOsm. and a n e u t r a l  pH. The e x p e r i m e n t  was c a r r i e d
out at 25°C.
Th e s u s p e n s i o n s  w e r e  e x a m i n e d  p e r i o d i c a l l y ,  
and the c o n d i t i o n  of the l e p t o s p i r e s  was n o te d in terms 
of m o t i l i t y  and a l t e r a t i o n s  in morphology'.
A 2 .3 R e s u l t s
The re s u l t s  are set out in Table A2.3.1 . F r o m  
this table one can see that the only b u f f e r  s o l u t i o n
that does not alte r the r e a c t i o n  to 2% urea is a m i x t u r e
of bo r i c  acid and b o r a x  (sod ium t e t r a b or at e).
A 2 . 3 . 1  E f f e c t s  of v a r i o u s  bu f f e r s  on s u b s e q u e n t  a b i l i t y  
of l e p t o s p i r e s  to s u r v i v e  in d i lu te  urea
F i r s t  T r e a t m e n t  Se con d T r e a t m e n t  R e a c t i o n  of le ptor 
_______________________   spires__
Tr i s / H C l
Boric a c i d / b o r a x
NagHPO /NaHgPO^
K^HPO^/KH^PO^
KH^PO^/Na^HPO^
2% Urea Gro ss i m m e d i a t e  d a m a g e  
No d a m a g e  up to 5 days 
Gro ss i m m e d i a t e  d a m a g e  
Gr os s i m m e d i a t e  d a m a g e  
Mo st o r g a n i s m s  d a m a g e d  
but some s u r v i v e d  up 
to 40 hours.
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A 2 . 3 . 1  ( c o n t .)
F ir st  T r e a t m e n t  Se co n d  T r e a t m e n t  R e a c t i o n  of L e p t o -  
__________________________________    spires
D e - i o n i s e d  HgO 
Urea
2% urea
N a . H P O , / N a H . P O .  
2 4 2 4
No d a m a g e  up to 5 days 
I m m e d i a t e  c e s s a t i o n  
of m o v e m e n t ,  th o u g h  
i n t a c t ' u p  to 40 hours.
A . 2.4 C o n c l u s i o n s
The p u r p o s e  of the e x p e r i m e n t  is f u l f i l l e d  in 
that a b u f f e r  has b ee n found that does not i n t e r f e r e  
w i t h  the a b i l i t y  of l e p t o s p i r e s  to s u r v i v e  in 2% urea. 
T h e r e  is no i m m e d i a t e l y  a v a i l a b l e  e x p l a n a t i o n  for the 
p h e n o m e n o n  of d a m a g e  c a us ed  by the t r e a t m e n t  d e s c r i b e d ,  
no c o m m o n  f e a t u r e  is a p p a r e n t  in the gro up of b u f f e r s  
c a u s i n g  damage. The s i t u a t i o n  is f u r t h e r  c o m p l i c a t e d  
by the o b s e r v a t i o n  that r e v e r s i n g  the ord er  of e x p o s u r e  
does not p r e v e n t  damage. It is c o n c l u d e d  that the 
su r f a c e  layers of l e p t o s p i r e s  are c a p a b l e  of s u s t a i n i n g  
d a m a g e  f o l l o w i n g  e x p o s u r e  to c e r t a i n  s o l u t i o n s  and that 
this d a m a g e  ma y not be i m m e d i a t e l y  appare nt.
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A P P E N D I X  3
The eff ects of d i s p o s a b l e  sy rin g e s  on l e p t o s p i r e s
A3. 1 I n t r o d u c t i o n
B e c a u s e  of their c o n v e n i e n c e ,  sa fe ty and 
r e l a t i v e  cost, d i s p o s a b l e  s y r i n g e s  and h y p o d e r m i c  
n e e d l e s  w e r e  used in fa vou r of glass s y ri nges and r e ­
u s a b l e  n e e d l e s  in all but one of the e x p e r i m e n t s  in 
this work. The  e q u i p m e n t  c h o s e n  was " B r u n s w i c k "  
(Sherwoo d M e d i c a l  I n d u s t r i e s )  for the f o l l o w i n g  
r e a s o n s  :
a) The s y r i n g e s  are made of p o l y p r o p y l e n e  
and can be a u t o c l a v e d  for r e p e a t e d  use.
b) The n e e d l e  p o int is w el l d e s i g n e d  to 
give  a sharp, wel l s u p p o r t e d  c u t t i n g  
edge, thus p r o v i d i n g  ea sier and, t h e r e ­
fore, safer p e n e t r a t i o n .
c) The n e e d l e  hub is m a d e  of p o l y p r o p y l e n e  
and shows no t e n d e n c y  to split if 
p r e s s e d  f i r m l y  onto the syringe. This 
s p l i t t i n g  is not u n c o m m o n  w i t h  hubs 
m a d e  of b r i t t l e  p l a s t i c  and al lows the 
c o n t e n t s  of the s y r i n g e  to be e j e c t e d 
s i d e w a y s  w h e n  the p l u n g e r  is d e p re ssed. 
W h e n  a d a n g e r o u s  p a t h o g e n  is b e i n g  us ed 
s uch  a p o s s i b i l i t y  cann o t  be tol era te d.
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The only d i s a d v a n t a g e  of these syring es, 
co m p a r e d  w i t h  glass syringes, is that they i n e v i t a b l y  
c o n t a i n  c h e m i c a l s  from the process  of m a n u f a c t u r e  and 
these ma y ha ve an effect on li vin g organis ms . Thus, 
in the e x p e r i m e n t  d e s c r i b e d  in S e c t i o n  2, glass 
sy ringe s w e r e  used to e l i m i n a t e  the p o s s i b i l i t y  of 
i n t e r f e r e n c e  by such s u b stance s w i t h  the low d e n s i t i e s  
of o r g a n i s m s  emp loyed.
A serie s of small e x p e r i m e n t s  was c o n d u c t e d  
to see if any such effect could be observed.
A 3 . 2  M e t h o d s
A . 3.2.1 The t o x i c i t y  of dime t h y I p o l y s i l o x a n e  
(P.M.P.S.)
D .M .P .S. is the.substance used as a l u b r i c a n t  in 
these syri nge s. A sample, s up plied by the m a n u ­
f a c turers,  was a u t o c l a v e d  w i t h  d e i o n i s e d  w a t e r  
to p r o v i d e  a s a t u r a t e d  solution. A contr ol  
'solution* of d e i o n i s e d  water, a u t o c l a v e d  in an 
i d e n t i c a l  co nt ainer,  was pr epared . T e n  gr oup s 
of d u p l i c a t e  tubes, each c o n t a i n i n g  4.5 ml. 
K o r t h o f ' s  medi um , we re g i ven  m e a s u r e d  a m o u n t s  of 
D.M .P .S . s o l u t i o n  r a n g i n g  f ro m 10 to 100 ^1. in 
steps of 10 ^ 1 .  Con tro l tubes w e r e  p r e p a r e d  in 
a s i m i l a r  m a n n e r  using the a u t o c l a v e d  d e i o n i s e d
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water. 0.5 ml. of 7 day c u l t u r e  of s e r o t y p e  
i c t e r o h a e m o r r h a g i a e  st ra in 3H was added to each 
tube. All tubes w e r e  e x a m i n e d  aft er 7 and 15 
days and a s u b j e c t i v e  e s t i m a t e  of g r o w t h  was 
m a d e .
A . 3.2.2 The effect of b e i n g  c o n t a i n e d  in a 
sy r i n g e  on s u b s e q u e n t  g r o w t h  of 
L e p t o s p i r a
A f resh  s y r i n g e  was filled w i t h  s e r o t y p e  
i c t e r o h a e m o r r h a g i a e  st ra i n  3H culture. 0.1 ml. 
of this c u l t u r e  was d i s p e n s e d  into K o r t h o f ' s  
m e d i u m  af ter period s r a n g i n g  fr o m  0 to 24 hours. 
The s u b s e q u e n t  gr owth was o b s e r v e d  in these 
tubes.
A . 3.2.3 The effect of syringe c o m p o n e n t s  on the 
g r o w t h  of L e p t o s p i r a
Two g r ou ps  of tubes c o n t a i n i n g  K o r t h o f ' s  m e d i u m  
w e r e  i n o c u l a t e d  w i t h  s e r o t y p e  i c t e r o h a e m o r r h a g i a e  
s t r a i n  3H. To one gro up  of tubes was added a 
q u a n t i t y  of D.M.P.S. and to the other was ad de d  
pi ec es of syri n g e  p lunger , cut up und er s t e r i l e  
c o n d i t i o n s .  G r o w t h  in the two tubes was noted.
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A . 3.3 R e s u l t  s
A . 3.3.1 The t o x i c i t y  of d i m e t h y l p o l y s i l o x a n e  
(D.M.P.S.)
No d i f f e r e n c e  in gr ow t h  could be d e t e c t e d  
b e t w e e n  the test and c ontr ol  tubes, all c u l t u r e s  
re a c h e d  a norm a l  density.
A . 3.3.2 The effect of b e i n g  c o n t a i n e d  in a ' 
sy r i n g e  on s u b s e q u e n t  grow t h  of 
L e p t o s p i r a
G r o w t h  in the tube i n o c u l a t e d  after 2 4 h o u r s  was 
w e a k  and died out after 14 days. The tube 
i n o c u l a t e d  after 4 hours  failed to grow. All 
other tubes gr ew  e q u a l l y  well and r e a c h e d  a 
no r m a l  de ns ity.
A . 3.3 .3 The effect of syr ing e c o m p o n e n t s  on the 
g r o w t h  of L e p t o s p i r a
The c u l t u r e  in the tubes c o n t a i n i n g  D.M.P.S.  g r e w  
to a norm a l  d e n s i t y  but that in the tubes 
c o n t a i n i n g  f r a g m e n t s  of p l u n g e r  f a iled to grow.
A . 3.4 C o n c l u s i o n
T h e r e  is no e v i d e n c e  to show that the D. M. P.S . 
l u b r i c a n t  is h a r m f u l  to L e p t o s p i r a .  T h e r e  a p p e a r s  to be
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some s u b s t a n c e  in the ru bber p l u n g e r  that is i n h i b i t o r y  
to l e p t o s p i r a l  g r o w t h  but this seems to have no s i g n i f ­
icant ef fe ct  w h e n  the s y r i n g e  is a s s e m b l e d  for use.
The c o n t a c t  p e r i o d s  used in the e x p e r i m e n t  w e r e  v e r y  
m u c h  longe r than w o u l d  be the case in n o r m a l  use.
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A P P E N D I X  4
G e n e r a l  T e c h n i q u e s  and F o r m u l a e
A 4. 1 A n a e s  thet ics 
A 4 . 1 . 1  Sho rt  T e r m
S h or t te r m  a n a e s t h e s i a  of h a m s t e r s  and rats 
was r o u t i n e l y  c a r r i e d * o u t  usin g a n a e s t h e t i c  eth er B.P. 
c o n t a i n i n g  0 . 0 0 0 3 %  p y r o g a l l o l  a n t i o x i d a n t  ( M a c f a r l a n e  
Sm ith Ltd.). M e t h o x y f l u r a n e  (2,2 - D i c h l o r o - 1, 1-
di.fluoroethy 1 m e t h y l  ether) B.P., P e n t h r a n e  (Abbott 
L a b o r a t o r i e s  Ltd.) was also used. W h ilst  b e i n g  
e x t r e m e l y  safe, P e n t h r a n e  r e q u i r e d  the use of a c l o s e d  
s y s t e m  and was v e r y  slow to take effect.
A 4 . 1 . 2  L o n g  T e r m
All a n i m a l s  w ere a n a e s t h e t i s e d  u si ng N e m b u t a l  
( P e n t o b a r b i t o n e  Sodium, B. Vet.C.). To pe rm it safe 
a d m i n i s t r a t i o n ,  the stock s o l u t i o n  was d i l u t e d  1 v o l u m e  
plus 3 v o l u m e s  of a d i l u e n t  c o n s i s t i n g  of - e t h a n o l  
10%, p r o p y l e n e  gl ycol 20%, d e i o n i s e d  w a t e r  70%. (The 
d e i o n i s e d  w a t e r  was Seitz f i l t e r e d  to rem o v e  any 
p a r t i c l e s  of r e sin that m i g h t  have c a r ri ed  over fr om  
the column, as these are i n t e n s e l y  irrita nt.)
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The r e s u l t i n g  s o l u t i o n  was i n j e c t e d  i/p. at 
a rate of 0.2 ml. per 50 g . body weight.
A 4.2 C o u n t i n g
L e p t o s p i r e s  w er e coun t e d  on a H a w k s l e y  c o u n ­
ting c h a m b e r  w i t h  a T h o m a  grating. D a r k - g r o u n d  
i l l u m i n a t i o n  was us ed and the cultu re  was d i l u t e d  w i t h  
v e r y  d i l u t e  f o r m a l i n  to i m m o b i l i s e  the cells. S u c c e s s ­
ful c o u n t i n g  d e p e n d e d  up on the a b s o l u t e  c l e a n l i n e s s  of 
the c o u n t i n g  c h a m b e r  and the f r e e d o m  of the c o n t e n t s  
fr o m  p a r t i c u l a t e  matt er . Dirt and c l o u d y  s u s p e n d i n g  
m e d i a  serve to r e d u c e  the c o n t r a s t  of the ima ge thus 
m a k i n g  c o u n t i n g  diffi c u l t .  O r g a n i s m s  w i t h i n  the 
sq uar e or c r o s s i n g  the top or left- h a n d  m a r g i n  w e r e  
co unted, a t t e n t i o n  b e i n g  paid to ensure cells at all 
levels in the m e d i u m  w e r e  counted.
A 4 . 3  I m m u n i s a t i o n  of rabb its
S e r u m  for use in the i m m u n o h i s t o l o g i c a l  
t e c h n i q u e s  was p r o d u c e d  in N e w z e a l a n d  W hi te  ra bb i t s  
(Hylyne C o m m e r c i a l  Rabbits ).  The a n t i g e n  used was 
L e p t o s p i r a  i n t e r r o g a n s  s e r o t y p e  i c t e r o h a e m o r r h a g i a e  
st r a i n  3H, s u p p l i e d  by Evans Med ical.
T h r e e  i m m u n i z a t i o n  s c h e d u l e s  w e r e  e m p l o y e d  
as follows:
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A 4 . 3 . 1  M e t h o d  1
(a) P r e p a r a t i o n  of v a c c i n e
W h o l e  c u l t u r e  was f o r m a l i z e d  w i t h  3 drops of 
40% n e u t r a l  f o r m a l i n  per tube. The cells w e r e  
p r e c i p i t a t e d  by c e n t r i f u g a t i o n  and the p r e c i p ­
itate was r e - s u s p e n d e d  in half the o r i g i n a l  
v o l u m e  of 0.9% salin e c o n t a i n i n g  0. 1% f o r m a l i n  
and 0.0 1% T h i o m e r s a l  ( M e r t h i o l a t e , Eli Li lly ).
g
The s u s p e n s i o n  c o n t a i n e d  a p p r o x i m a t e l y  4 x 10 
cells per ml.
T his  m e t h o d  of p r e p a r a t i o n  is used in the 
c o m m e r c i a l  m a n u f a c t u r e  of l e p t o s p i r a l  va cci n e .
(b ) T e s t i n g  of v a c c i n e
Two m a l e  h a m s t e r s  w e r e  giv en 0.5 ml. of the 
v a c c i n e ,  r e p e a t e d  after 2 w e ek s and c h a l l e n g e d  
10 days later by 0.5 ml. of v i r u l e n t  c u l t u r e  
i/p. Both ani m a l s  survived.
(c) I m m u n i z a t i o n  s c h e d u l e
Two ra b b i t s  w e r e  gi v e n  0.5 ml. of the v a c c i n e  
i/v. on thr ee o c c a s i o n s  at seven day i n t e r v a l s  
S e ve n days later, a 1 ml. dose was given. A 
c o n tr ol an imal was t r e a t e d  in the same m a n n e r  
u s i n g  s t e r i l e  sa line in p la ce of the vaccine .
196
All an i m a l s  were  b le d 14 days after the last 
i n o c u l a t i o n .
(d) •R e s u l t
All sera was found to be n e g a t i v e  by the 
m i c r o s c o p i c  a g g l u t i n a t i o n  test.
A 4 . 3 . 2  M e t h o d  2
This method- is d e s c r i b e d  by D.S.K. Ta n
(1970). The l e p t o s p i r e s  w e r e  kept in a h i g h l y  p a t h o ­
ge nic  sta te by c o n t i n u o u s  p a s s a g e  t h r ough ha ms t e r s .
One r a b b i t  was i n j e c t e d  i/p. 7 times w i t h
1 ml. of live c u l t u r e  at 48 hour inte rvals.  A sam p l e
of b l o o d  was t aken two days after the last i n o c u l a t i o n  
U s a b l e  s e r u m  w i t h  a M - A  titre of 1: 1K was o b ta ined.
A 4 . 3 . 3  M e t h o d  3
5 i/v i n j e c t i o n s  of first p a s s a g e  w h i l e  live 
c u l t u r e  w e r e  g i v e n  at two or three day in terval s.  The 
firs t i n j e c t i o n  was 1 ml. f o l l o w e d  by two of 1.5 ml. 
and two of 2 ml. The ra bbit was bled seve n days later 
S e r u m  w i t h  a M - A  titre of 1 :3K  was p r o d u c e d  and s u b ­
s e q u e n t l y  used  in the i m m u n o h i s t o l o g i c a l  m et hods.
A 4 . 4  The  i m m u n o h i s t o l o g i c a l  m e t h o d s
A 4 . 4 . 1  The f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e
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A 4 . 4 . 1 . 1  O u t l i n e  of the t e c h n i q u e
The t e c h n i q u e  used in this study is k n o w n  as 
the ind i r e c t  meth od, b e c a u s e  the l a b e l l e d 
a n t i b o d y  is c o m b i n e d  w i t h  the a n t i g e n  in 
q u e s t i o n  via an i n t e r m e d i a t e  layer of IgG.
The two m a i n  a d v a n t a g e s  of this s y s t e m  are that 
the r e s u l t i n g  f l u o r e s c e n c e  is b r i g h t e r  as a 
re su lt  of the m u l t i p l i c a t i o n  of l a b e l l i n g  
sites and the a b i l i t y  to stain a ra nge of 
a n t i g e n s  w i t h  a si ng le la be l l e d  an tibod y.
This is a c c o m p l i s h e d  by usi ng  the same species 
to p r o d u c e  the i n t e r m e d i a t e  layer of IgG to 
w h a t e v e r  a n t i g e n  r e q u i r e d  and s t a i n i n g  w i t h  a 
si ng l e  s a mple  of l a b e l l e d  a n t i b o d y  sp e c i f i c 
for that s p e c i e s .
In simple  terms, the a n t i g e n  c o n t a i n e d  on the 
sl ide  in the tiss ue or smear is r e a c t e d  w i t h  
an a n t i b o d y  to that antigen. A f t e r  the u n r e a c ­
ted a n t i b o d y  has b e e n  r e m o v e d  by w a s h i n g ,  the 
sl ide  is f l o o d e d  w i t h  an a n t i b o d y  that r e c o g ­
n i s e d  the first a n t i b o d y  as its antigen, this 
a n t i b o d y  b e i n g  the carr ie r of the f l u o r e s c e n t  
tag.
The re su lt is that w h e r e v e r  the o r i g i n a l  a n t i g e n  
ap pears  on the slide, the f l u o r e s c e n t  label is
198
and can be v i s u a l i s e d  w i t h  a f l u o r e s c e n t  
m i c r o  s c o p e .
This m e t h o d  was p i o n e e r e d  by A.H. Coons in the 
1 9 3 0 *s but the m e t h o d  used in this w o r k  has 
m a n y  r e f i n e m e n t s ,  in that a d o u b l e  a n t i b o d y  
s y s t e m  is us ed and the i s o t h i o c y a n a t e  d e r i v ­
a t i v e  of f l u o r e s c e i n  is used in the c o n j u g a t e s  
in p l a c e  of the less stabl e iso cya na te.
A 4 . 4 . 1 . 2  P r e p a r a t i o n  of tissues
(a) Snap f r e e z i n g
T i s s u e s  to be f r o z e n  are cut from  the a n imal  
and p l a c e d  on a slip of filt er paper, l a b e l l e d  
to s u b s e q u e n t l y  i d e n t i f y  the tissue. The 
tissue is h a n d l e d  by the filter paper. The 
tissue is then i m m e r s e d  in 2 - N e t h y l b u t a n e  
(isopentane)  w h i c h  has b e e n  co oled to about 
- 7 0 ° C  to - 1 0 0 ° C  w i t h  liquid nitr o g e n .  The 
ti ssue is thus r a p i d l y  frozen, and after a 
sh ort  time is t r a n s f e r r e d  to a p r e - c o o l e d ,  
l a b e l l e d  phi al m a d e  for the p u r p o s e  of s t o r a g e 
in liqu id n i troge n.  The use of other types of 
p l a s t i c  tube is d a n g e r o u s  as they b e c o m e  
b r i t t l e  and tend to e x p l o d e  at low t e m p e r a t u r e
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The tissu e is not f r o z e n  in liquid n i t r o g e n  
d i r e c t l y  as 'b oil ing off' of the liquid 
forms an i n s u l a t i n g  layer, i m p e d i n g  the 
rapid f r e e z i n g  of the tissue, also the 
e x t r e m e l y  low t e m p e r a t u r e  of the liqui d tends 
to sh at ter the tissue. Once in the s t o r a g e  
tube, the tissue can be d r o p p e d  into a flask 
of li quid n i t r o g e n  and t r a n s p o r t e d  to a 
s t o r a g e  fr eezer at a c o n v e n i e n t  moment.
Small q u a n t i t i e s  of ti ssu e can be f r o z e n  w i t h  
a d i c h l o r o - d i f l u o r o m e t h a n e  spray (Polar Spray, 
M e d i c a l  A e r o s o l s  Ltd.), this is c o n v e n i e n t  
but expen si ve.
(b) P r e p a r a t i o n  of froz e n  sect i o n s
S e c t i o n s  are cut at 4 ^ m .  u s i n g  a c r y o s t a t  
( S L E E ) . The secti on s are t r a n s f e r r e d  to a 
slide u sing the s u c t i o n  h o l d e r  in the s t a n d a r d  
m a n n e r  and pl ac e d  i m m e d i a t e l y  in f i x a t i v e  at 
r o o m  t e m p e ra ture. The s t a n d a r d  p r a c t i c e  of 
d r y i n g  the sect io ns at r o o m  t e m p e r a t u r e  for 
up to two hours b e f o r e  f i x a t i o n  was not f o l l o w e d  
as it served only to d e g r a d e  the tissu e s t r u c ­
ture and to p r o l o n g  the process.
By v i r t u e  of the to ug h n e s s  and t h i n n e s s  of 
skin, it was n e c e s s a r y  to embed such specimen s.
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The e m b e d d i n g  m e d i u m  was gum a r a b i c / d e x t r i n  w i t h  
an a d d i t i o n  of 5% glycerol. This m e d i u m  could 
be co ol e d  to about -5 °C b e f o r e  it froz e and 
thus a s p e c i m e n  of f r o z e n  skin could be i n t r o ­
d uced and the w h o l e  fr oz e n  'en bloc'. The 
m e d i u m  has a s e c o n d •a d v a n t a g e  over the g l y c e r o l  
free f o r m u l a  as it rema ins soft e n o u g h  to be 
s e c t i o n e d  at -3 0° C at w h i c h  t e m p e r a t u r e  the fat 
layer in the skin is s u f f i c i e n t l y  ha rd to 
r e s i s t  d e f o r m a t i o n  by the knife. W i t h  a w e l l -  
e m b e d d e d  specimen, it is p o s s i b l e  to o b t a i n  
s e c t i o n s  c o m p l e t e  w i t h  the c o r n i f i e d  layer, 
w h i c h  tends to split off if not su pp orted .
(c) F i x a t i o n
O r i g i n a l l y ,  70% and 95% al co hol was used as a 
f i xa tive, but this was shown to p r e v e n t  s t a i n i n g  
in an u n p r e d i c t a b l e  m a n n e r  and was g i v e n  up in 
f av o u r  of a c e t o n e  w h i c h  has p r o v e d  to be e n t i r e l y  
s a t i s f a c t o r y .  P e r iods of at least 10 m i n u t e s  
are s u f f i c i e n t  to fix the m a t e r i a l ,  but p r o ­
lo nge d f i x a t i o n  of 4 hou rs has not p r o d u c e d  any 
d a m a g e .
•If the tissue has b e e n  p r e f i x e d  in formalin,  it 
is n e c e s s a r y  to dip the slides in 1% gel atin, 
0. 7 5 %  phen o l  s o l u t i o n  and a l l o w  them to dry
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b e f o r e  p i c k i n g  up the sections. P o s t - f i x a t i o n  
of the slides w i t h  K i r k p a t r i c k s  f i x a t i v e  
pr e v e n t s  the loss of s ectio ns  du ring st ainin g.
(d) St or a g e
Slides thus fixed have b e e n  store d for p e r i o d s  
of m o n t h s  in trays at -20°C.
A 4 . 4 . 1 . 3  P r e p a r a t i o n  of s o l u t i o n s  used in the 
F -A  techni que
(a) Bu ffer
P h o s p h a t e  b u f f e r e d  saline (P.B.S.) pH 7.2 is 
u sed  for w a s h i n g  slides and p r o d u c i n g  w o r k i n g  
d i l u t i o n s  f r o m  stock a n t i s e r a  and c o n j u g a t e s . 
The f o l l o w i n g  amo unts of salts are w e i g h e d  out 
s e p a r a t e l y  into glass dishes. T h e s e  are then 
dri ed in an o v e n  ov e r n i g h t  and ground in a hot 
m o r t a r  to a fine h o m o g e n o u s  powder.
N aCl 85.0 g.
N a ^ H P O ^ . I 2H 2O 20.5 g.
N a H 2 P 0 ^ . 2 H 2 0  2.4 g .'
This  m i x t u r e  is r e c o n s t i t u t e d  at a rate of 10 g 
per litre of d e i o n i s e d  water. E a c h  b a t c h  is 
te st ed  to en su re  that the pH o b t a i n e d  does not 
fall o u t s i d e  a c c e p t a b l e  limits, and each litre
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m ad e up is also c h e c k e d  and if n e c e s s a r y  the pH 
a d j u s t e d  w i t h  drops of the a p p r o p r i a t e  b u f f e r  
salt, a l t h o u g h  this is r a r e l y  needed.
(b) A n t i s e r u m
Blood is tak en from the an imal by the a p p r o p r i a t e  
m e t h o d  and a l l o w e d  to clot at r o o m  t e m p e r a t u r e .  
A f t e r  s e p a r a t i n g  the clot f rom the sides of the 
tube, the ser um is s e p a r a t e d  by 15 m i n u t e s  c e n t r i ­
f u g a t i o n  at 2,000 r.p.m. The s e r u m  is then 
w i t h d r a w n  into a sy r i n g e  via a 19 s.w.g. s e r u m  
n e e d l e  and t r a n s f e r r e d  into a cle an tube. The 
s e r u m  is then d i s p e n s e d  by m e a n s  of a 1 ml. 
s y r i n g e  into small tubes in 0.1 ml. amou nts,  
se ale d w i t h  a p l a s t i c  cap and aft er  s u i t a b l e  
labelling,  store d at -20°C.
For use, the s eru m is t h aw ed r a p i d l y  and is not 
then r e - f r o z e n  but store d at 4°C. The v o l u m e  
r e q u i r e d  is w i t h d r a w n  w i t h  a m i c r o s y r i n g e  and 
add ed  to the c o r r e s p o n d i n g  v o l u m e  of P.B.S.
(c) Conj uga te
L y o p h i l i z e d  c o n j u g a t e  is p u r c h a s e d  in 2 ml. 
amounts. R e c o n s t i t u t i o n  is e f f e c t e d  by a d d i n g  
2 ml. d e i o n i s e d  w a t e r  to the ampule, and m i x i n g  
by g e nt le rotation. The r e s u l t i n g  s o l u t i o n  is
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d i s p e n s e d  in 0.1 ml. v o l u m e s  and stored as for 
an tiserum.
(d) D e t e r m i n a t i o n  of o p t i m u m  d i l u t i o n s
The c o n c e n t r a t i o n s  of b o t h  a n t i s e r u m  and c o n ­
j u g a t e  must be s u f f i c i e n t  to p r o d u c e  m a x i m a l  
f l u o r e s c e n c e ,  but not so c o n c e n t r a t e d  that n o n ­
sp eci f i c  s t a i n i n g  is pr od uc ed. This is a c c o m ­
p l i s h e d  by a series of d i l u t i o n s  of, fir stly, 
the a n t i s e r u m  and then the c o n j u g a t e  b e i n g  used 
to stain st and a r d  tissue. Thus the m a x i m u m  
d i l u t i o n  for b o t h  c o m p o n e n t s  is d e t e r m i n e d  and 
for r o u t i n e  use s o l u t i o n s  s l i g h t l y  m o r e  c o n c e n ­
t rat ed than the most d i l u t e  are used to p r o v i d e
a safet y marg in . With  good q u a l i t y  r e a g e n t s  
the n o n - s p e c i f i c  c o m p o n e n t s  are d i l u t e d  to a 
po int  w h e r e  they have no effect.
A 4 . 4 . 1 . 4  S t a i n i n g  p r o c e d u r e
A f t e r  fixation,  the slides are w a s h e d  in P.B.S. 
c o n t a i n i n g  a few drops of T w e e n  80 (Difco) as 
a w e t t i n g  agent. This r e m o v e s  traces of f i x a t i v e  
and e m b e d d i n g  m e d i u m  and any s u r f a c e  f i l m  w h i c h  
m a y  tend to i n t e r f e r e  w i t h  staini ng. If the 
sec tions  on the same slide are to be tre at ed in
d i f f e r e n t  ways, they ma y be i s o l a t e d  by r i n g i n g
w i t h  nail var ni sh. M a n y  nail v a r n i s h e s  w ill not
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ad h e r e  t h r o u g h o u t  the process,  'creme* v a r n i s h e s  
are found to be s u p e r i o r  in this resp ect.
The d i l u t e d  a n t i s e r u m  is d r o p p e d  onto the slide 
and a l l o w e d  to react at r o o m  t e m p e r a t u r e  for at 
least 15 minutes.. D r y i n g  out is p r e v e n t e d  by 
the use of a m o i s t  cha mber, c o n s i s t i n g  of an 
e x p a n d e d  p o l y s t y r e n e  tray w i t h  a P e r s p e x  lid, 
c o n t a i n i n g  a wet pa pe r towel. The towel is 
t r e a t e d  w i t h  T h i o m e r s a l  to p r e v e n t  fu ngal g r o w t h  
wh i c h ,  as it is o f te n a u t o f l u o r e s c e n t ,  m us t be 
avoided. The slides are laid on p l a s t i c  rai ls 
f i t t e d  to an a l u m i n i u m  sheet w h i c h  can be e a s i l y  
lift e d  in and out of the chamber.
A f t e r  i n c u bati on , the slides are r i n s e d  in P.B.S. 
f r o m  a w a s h  b o t t l e  and then w a s h e d  in two c h a n g e s  
of P.B.S. for ten m i n u t e s  w i t h  c o n t i n u o u s  a g i t ­
ation. This re moves the u n r e a c t e d  a n ti body.  
E x c e s s  b u f f e r  is b l o t t e d  g e n t l y  fro m the sli de 
and the c o n j u g a t e  is d r o p p e d  on and i n c u b a t e d  
for at least 15 mi nu t e s .  The w a s h i n g  p r o c e d u r e  
is r e p e a t e d  at the end of this stage f o l l o w e d  
by r i n s i n g  in d e i o n i s e d  water. Th e nail v a r n i s h  
m a y  be r e m o v e d  at this stage.
The p r e p a r a t i o n  can be m a d e  m o r e  p e r m a n e n t  by 
p o s t - f i x a t i o n  in a c e t o n e  for ten m in ut es.
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C o u n t e r  s t a i n i n g , if re qui r e d ,  may be p e r f o r m e d  
at this stage f o l l o w e d  by a p p l i c a t i o n  of m o u n t i n g  
fluid and a No.l co vers li p.
A 4 . 4 . 1 . 5  M o u n t a n t
A m i x t u r e  of 9 parts of g l y c e r o l  to 1 part P . B . S  
pH 7.2 as used by Coons has b e e n  found s a t i s ­
factory. M o u n t a n t  b u f f e r e d  to pH 9 has also ' 
b e e n  used as it gives s l i g h t l y  b r i g h t e r  f l u o r ­
e s c e n c e  and does not a p p e a r  to have d e l e t e r i o u s  
ef fec ts. The m o u n t a n t  has a f a v o u r a b l e  r e f r a c ­
tive ind ex and does not dry out on stor age.
A 4 . 4 . 1 . 6  Co nt r o l s
(a) K n o w n  p o s i t i v e  m a t e r i a l : This is us ed to 
e n s u r e  that the b a t c h  of r e a g e n t s  b e i n g  use d is 
fully active-. Full f l u o r e s c e n c e  d e n o t e s  a s a t i s ­
f a c t o r y  reaction.
(b) K n o w n  n e g a t i v e  m a t e r i a l : A n y  s t a i n i n g  
o b s e r v e d  after t r e a t m e n t  of this m a t e r i a l  is 
k n o w n  to be n o n - s p e c i f i c  and the cause  m u s t  be 
s o u g h t .
(c) C o n t r o l  s e r u m : This s e rum is used i n s t e a d
of s p e c i f i c  a n t i s e r u m  and shows up n o n - s p e c i f i c  
a b s o r b t i o n  of gl o b u l i n s  or other c o m p o n e n t s  of 
the serum.
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(d) S e r u m  b l a n k : S t a i n i n g  o b s e r v e d  w h e n  
saline is s u b s t i t u t e d  for s p e c i f i c  anti s e r u m
is due to n o n - s p e c i f i c  a b s o r b t i o n  of conju g a t e .
(e) Total b l a n k : If the tissu e is not s t a i n e d  
at all, but m o u n t e d  direc t l y ,  any f l u o r e s c e n c e  
o b s e r v e d  is due to a u t o f l u o r e s c e n c e  of the 
tissue.
(f) S p e c i f i c  b l o c k i n g : S t a i n i n g  is ca r r i e d
out as usual, ex cep t that u n l a b e l l e d  a n t i g l o b u l i n  
is a p p l i e d  b e f o r e  the la b e l l e d  c o n j u g a t e  is 
used. D i m i n i s h e d  f l u o r e s c e n c e  is o b s e r v e d  in 
areas of s p e c i f i c  reaction.  The f l u o r e s c e n c e  
is not c o m p l e t e l y  b l o c k e d  b e c a u s e  the a n t i g e n /  
a n t i b o d y  c o m p l e x  is f o r m e d  subje ct  to e q u i l ­
i b r i u m  c o n d i t i o n s  and, t h e re fore, l a b e l l e d  
a n t i g l o b u l i n  may  r e p l a c e  some of the u n l a b e l l e d  
b l o c k i n g  a n t i g l o b u l i n .
A 4 . 4 . 1 . 7  N o n - s p e c i f i c  f l u o r e s c e n c e
(a) N a t i v e  or a u t o f l u o r e s c e n c e : M o s t  b i o l o g i c a l
m a t e r i a l  e x h i b i t s  f l u o r e s c e n c e  un de r the c o n d ­
ition s use d in U.V. and b l u e - l i g h t  f l u o r e s c e n c e  
m i c r o s c o p y .  In general, it is of a dull n o n ­
d e s c r i p t  co lo ur  and does not i n t e r f e r e  w i t h  the 
t ec hn ique. C e r t a i n  lipids and p i g m e n t s  show a
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b r i g h t e r  f l u o r e s c e n c e ,  but these are u s u a l l y  a 
d i f f e r e n t  colour to the g r e e n  of F.I .T .C.
Sp leen and lymph nodes show y e l l o w  spots on 
m o s t  occ as i o n s .  F i x a t i o n  w i t h  f o r m a l i n  p r o ­
du ces a colour of a s i m ilar w a v e l e n g t h  to 
F.I.T.C. and is, t h e refor e,  avo id ed w h e n  ever 
p o s s i b l e .
(b) N o n - s p e c i f i c  s t a i n i n g : This is d i s t i n g u i s h e d
from a u t o f l u o r e s c e n c e  in that it only a p p e a r s  
after the tiss ue has b e e n  i n c u b a t e d  w i t h  the 
r e a g e n t s  and is a re sult of p o o r l y  u n d e r s t o o d  
non a n t i b o d y / a n t i g e n  reac ti ons. It is t h o u g h t  
that the a l t e r a t i o n  of the ch ar g e  on the p r o t e i n s  
in the ti ssue and / o r  the g l o b u l i n s  by the 
p r o c e s s e s  of f i x a t i o n  and l a b e l l i n g  r e s p e c t i v e l y  
is c u l p a b l e  for m a n y  of these pr ob le ms. U n ­
bo u n d  F .I .T .C. wi ll stain  n o n - s p e c i f i c a l l y  if 
p r e s e n t  in s u f f i c i e n t l y  h i g h  c o n c e n t r a t i o n s ,  
and m a l t r e a t m e n t  of the c o n j u g a t e  by r e p e a t e d  
t h a w i n g  and r e - f r e e z i n g  m a y  serve to l i b e r a t e  
the dye fr om the b o u n d  state. C o m m e r c i a l  c o n ­
j u g a t e s  are of a high q u a l i t y  and c o n t a i n  v e r y  
l i ttle  free dye, w h i c h  is d i l u t e d  to i n s i g n i f ­
ic an c e  in the p r e p a r a t i o n  of a w o r k i n g  sol ut io n. 
F r e s h  solu t i o n s  are m a d e  up for each day to 
avoid p r o b l e m s  ca used by h y d r o l y s i s  and b a c t e r i a l  
action.
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(c) Evans Blue count ers tain ; This dye in 
a qu eo us s o l u t i o n  of 0 . 0 1 %  is used to m a s k  
u n w a n t e d  f l u o r e s c e n c e  and to p r o v i d e  a m e t h o d  
of o r i e n t a t i n g  the specimen. W h e n  a p p l i e d  for 
about 1 m i n u t e  and b r i e f l y  w a s h e d ,  it gives  a 
deep red colou r w h i c h  p r o v i d e s  good c o n t r a s t  
w i t h  the g r e e n  sp ec i f i c  f l u o r e s c e n c e .
(d) Bo vi n e  serum a l b u m e n / L i s s a m i n e  r h o d a m i n e  
c o u n t e r s t a i n  ( B S A / L R ) : This p r e p a r a t i o n
has a h i g h  n e g a t i v e  c h a r g e  w h i c h  c o m p e t e s  w i t h  
F. I.T.C. c o n j u g a t e s  for n o n - s p e c i f i c  sites. The 
f l u o r e s c e n c e  p r o d u c e d  is a deep r e d / o r a n g e .  It 
has not b e e n  found of any use in m a s k i n g  the 
type of n o n - s p e c i f i c  f l u o r e s c e n c e  e n c o u n t e r e d  
in this work. It is a p p l i e d  as a 1:20 s o l u t i o n  
w i t h  the conjugate.
A 4 . 4 . 1 . 8  M i c r o s c o p y
(a) The f l u o r e s c e n c e  m i c r o s c o p e : F l u o r e s c e n c e
is the p h e n o m e n o n  e x h i b i t e d  by s u b s t a n c e s  w h i c h  
a bs o r b  r a d i a t i o n  at one w a v e l e n g t h  and emit 
r a d i a t i o n  at another, n o r m a l l y  lo nge r w a v e l e n g t h  
Thus  the p r i n c i p l e  of the f l o u r e s c e n c e  m i c r o ­
scope is to i r radiate  the s p e c i m e n  w i t h  light 
at the a b s o r t i o n  m a x i m u m  of the dye b e i n g  used 
and to a l l o w  only light e m i t t e d  by the dye to
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pass to the eye of the ob serve r, b l o c k i n g  out 
the e x c i t i n g  fre qu e n c i e s .  M e c h a n i c a l l y ,  such 
a m i c r o s c o p e  is i d e n t i c a l  to a norm a l  i n s t r u ­
ment. B e c a u s e  only a small f r a c t i o n  of the 
light em i t t e d  by the lamp is pas s e d  by the 
exciter  filter, it must  be v e r y  b r i g h t  and have 
s u f f i c i e n t  e m i s s i o n  in the part of the s p e c t r u m  
us ed  to ex cite the dye f rom  the g r o u n d  state;
In b l u e  light f l u o r e s c e n c e ,  the lamp is a low 
v o l t a g e  qu art z h a l o g e n  l a m p , g i v i n g  an i n t e n s e  
w h i t e  light w i t h  good e m i s s i o n  in the b l u e  
p art of the spectrum. For h i g h  m a g n i f i c a t i o n  
or i n c i d e n t  work, it is n e c e s s a r y  to e m p l o y  a 
h i g h  p r e s s u r e  m e r c u r y  arc lamp. T h e s e  lamps 
are rat ed  at 200 w a t t s  and give an i n t e n s e  
b e a m  of i r r a d i a t i o n  w h i c h  is r i c h  in U.V.
M o n o c u l a r  v i e w i n g  heads w e r e  used due to the 
losses i nh erent in b i n o c u l a r  systems.
(b) F i l t e r s  :
H e a t  filt e r  As per the s t a n d a r d
i n s t u m e n t .
*Red s t o p ’ fi lter P r e v e n t s  the red p o r t i o n
of the r a d i a t i o n  f r o m  the 
lamp p a s s i n g  into the 
system. The e x c i t e r
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E x c i t e r  filt e r
B a r r i e r  filter
filter is c a p a b l e  of. 
p a s s i n g  long w a v e ­
lengths .
P a s s e s  only the b l u e  
light c o r r e s p o n d i n g  to 
the a b s o r b t i o n  m a x i m u m  
of F.I .T . C .  This fi lt e r  
is an i n t e r f e r e n c e  f i l t e r 
and by v i r t u e  of its 
e f f i c i e n c y  has c o n t r i b ­
uted g r e a t l y  to the 
t e c h n i q u e .
This pa le y e l l o w  f i lte r 
cuts out the bl ue e x c i t i n g  
f r e q u e n c i e s  but allo w s  a 
large p o r t i o n  of the v i s i b l e  
s p e c t r u m  to pass, i n c l u d i n g  
the e m i s s i o n  from the fluoro- 
c h r o m e .
(c) D a r k - g r o u n d  i l l u m i n a t i o n : B r i g h t - f i e l d
i l l u m i n a t i o n  is u n s u i t a b l e  for f l u o r e s c e n t  w o r k  
due t o (the fact that di rect  r a d i a t i o n  is able to 
pass into the o b j e c t i v e  thus d e g r a d i n g  the 
c o n t r a s t  of the image by s w a m p i n g  the fi lter 
s y s t e m  and by i n d u c i n g  f l u o r e s c e n c e  in the 
lenses above the conde ns er. Thus, the dar k-
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g rou nd s y s t e m  is used, as only  s c a t t e r e d  light 
and the light f rom the f l u o r o c h r o m e  is able to 
enter the o b j ec ti ve. The c o n d e n s e r  used c o n s i s t s  
of a toric c o l l e c t o r  lens and is c o m p u t e d  for 
use w i t h  g l y c e r i n e  as an i m m e r s i o n  fluid. This 
c o n d e n s e r  has a v e r y  high  N.A. and is t h e r e f o r e  
able to pass v er y m u c h  mor e light than a c o n v e n ­
tional dry card i o d  type e m p l o y i n g  an a n n u l a r  
stop.
(d) P h o t o g r a p h y  ; C o lour  t r a n s p a r e n c y  f i l m  has 
b een used t h r o u g h o u t  this work, as it is c a p a b l e  
of s t o ring the m a x i m u m  amount of in f o r m a t i o n .  
High Speed E k t a c h r o m e  (Kodak) was e m p l o y e d  at 
first as it was o ften r e c o m m e n d e d  in the l i t e r ­
ature. How eve r,  it was found to be i n c a p a b l e  
of r e c o r d i n g  the f l u o r e s c e n t  image of the s y s t e m  
d e s c r i b e d ,  p r o b a b l y  as a r e s u l t  of the l e n g t h y  
e x p o s u r e  times a l l o w i n g  the r e c i p r o c i t y  effect  
to b e c o m e  import an t. A g f a c h r o m e  P r o f e s s i o n a l  
50L gives m u c h  b e t t e r  re sults as it is m a d e  to 
be used at lo nge r e x p o s u r e  times.
The le ngth of e x p o s u r e  was d e t e r m i n e d  by 
e x p e r i m e n t  and held st a n d a r d  for each  o b j e c t i v e ,  
X  16 r e q u i r i n g  two m in ut es, x 60 g l y c e r i n  i m m e r ­
sion r e q u i r i n g  eight m i nutes.  P h o t o g r a p h y  at
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.greater m a g n i f i c a t i o n s  was found to be i m p r a c ­
t i c able un le ss a m e r c u r y  arc lamp was used.
With such a lamp, it is p o s s i b l e  to r e c o r d  a 
good image at x 100 (oil immer s i o n )  w i t h  
X  10 ey ep ieces .
A d e t a i l e d  r e c o r d  of all p h o t o g r a p h s  was m a d e  
and they wer e stored in a loose leaf f i l i n g  
system.
A 4 . 4 . 2  The en zym e labelle d a n t i b o d y  t e c h n i q u e
A 4 . 4 . 2 . 1  O u t l i n e  of the t e c h n i q u e
This t e c h n i q u e  is si mi l a r  to the F - A  t e c h n i q u e  
d i f f e r i n g  only in that h o r s e r a d i s h  p e r o x i d a s e  
is c o n j u g a t e d  to the tracer IgG i n s t e a d  of
F. I. T. C. Thus the in it ial steps of t i s s u e  
p r e p a r a t i o n  and f o r m a t i o n  of a n t i g e n / a n t i b o d y  
c o m p l e x e s  are the same for b o t h  p r o c e d u r e s .  
V i s u a l i s a t i o n  of the label is done by a h i s t o -  
c h e m i c a l  r e a c t i o n  w h i c h  forms a c o l o u r e d  d e p o s i t  
w h e r e  the p e r o x i d a s e  has b e e n  loca lised . No 
s pe ci al m i c r o s c o p e  s y s t e m  is requ ired.
A 4 . 4 . 2 . 2  P r e p a r a t i o n  of so l u t i o n s
All s o l u t i o n s  are p r e p a r e d  as for the F - A  t e c h ­
nique, w i t h  the a d d i t i o n  of the r e a g e n t  for
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r e v e a l i n g  p e r o x i d a s e  activity. This r e a g e n t  is 
p r e p a r e d  as f o l l o w s : -
_  ^ St o ck W o r k i n g
o m p o n e n  C o n c e n t r a t i o n  S o l u t i o n
3 , 4 , 3 ' , 4 ' , - T e t r a -  50 m g . / I C O  ml. 9 ml.
a m i n o b i p h e n y 1 HCl
(3,3 * ,D i a m i n o b e n z i d i n e  HCl)
N H . C l  * S a t u r a t e d  1 ml.
4
E .D .T .A. 5% w / v  1 ml.
H 2 O 2 3% 1 drop
C a u t i o n  must be e x e r c i s e d  w h e n  h a n d l i n g  the 
3, 4 ,,3 * , 4 * , ^ Te tr a - a m i n o b  ip he n y  1 HCl as it is 
t h o u g h t  to be c a r c i n ogenic . The ra te of 
o x i d a t i o n  of this r e a g e n t  can be sl owed d o w n  by 
k e e p i n g  the s o l u t i o n  und er r e f r i g e r a t i o n  (4°C) 
in an a i r t i g h t  contai ne r.
A 4 . 4 . 2 . 3  S t a i n i n g  P r o c e d u r e
The a p p l i c a t i o n  of the imm une label is p e r f o r m e d  
in e x a c t l y  the same m a n n e r  as it is for the F - A  
techniq ue . The en zy m e  label is s t a i n e d  w i t h  
the abo ve s o l u t i o n  for about 10 m i n u t e s  f o l l o w e d  
by r i n s i n g  in water. The sli de ma y be e x a m i n e d  
d i r e c t l y ,  or the p r e p a r a t i o n  m a y  be c o u n t e r -
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stai n e d  as fol low s
(a) N u c l e a r  stain. B r i l l i a n t  cr es yl  bl u e
0.5% for 10 m i n u t e s  or until the n u c l e i i  are
well col oured.
(b) Air dry.
(c) W as h in p h e n o I x y  1 ene ...
(d) C o u n t e r s t a i n  in p h e n o l x y l e n e / e o s i n  for 
30 seconds until the c y t o p l a s m  is light pink.
(e) Wash in p h e n o l x y l e n e .
(f) Wash in xylene.
(g) M o u n t  in D.P.X.
R e s u l t  - N u c l e i i  light blue, c y t o p l a s m  light 
pink, a n t i g e n  b r o w n  to black.
A 4 . 4 . 2 . 4  Cont r o l s
All the c o n t r o l s  used in the F - A  t e c h n i q u e  m a y  
be used, ex ce pt those d e a l i n g  w i t h  a u t o f l u o r ­
escence. The tissue ma y be t r e a t e d  u n l a b e l l e d ,  
w i t h  the p e r o x i d a s e  r e v e a l i n g  r e a g e n t  to show 
any n a t u r a l  r e a c ti vity.
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A 4 . 4 . 2 . 5  M i c r o s c o p y
S t a n d a r d  b r i g h t - f i e l d  m i c r o s c o p y  m a y  be used 
to e x a m i n e  and photograph these p r e p a r a t i o n s  
w h i c h  are p e r manent.  I n t e r f e r e n c e  c o n t r a s t  
t e c h n i q u e s  have b e e n  found to help in e l e v a t i n g  
the c o n t r a s t  of the image but only a sl ight 
e n h a n c e m e n t  is required.
A 4 . 5  G e n e r a l  f o r m u l a e ________________________________ _____
A 4 . 5 . 1  K i r k p a t r i c k ' s  f ix at ive ^
E t h a n o l  60%
E th er  30%
F o r m a l i n  (40%) 10%
Fi x in the above for 4 m i n u t e s  f o l l o w e d  by 
3 m i n u t e s  in 95% alcohol, w a s h  in d i s t i l l e d  wate r ,  and 
drain. This f i x a t i v e  is used for i m p r o v i n g  the a d h e r ­
ence of l e p t o s p i r a l  a n t i g e n  onto slides and is also 
u s e f u l  for a n c h o r i n g  sectio ns of f o r m a l i n  fixed tissue.
A 4 . 5 . 2  K o r t h o f ' s  m e d i u m
Wi t t e  p e p t o n e  0.8 g.
NaCl 1.4 g.
N a H C O g  ■ 0.02g.
KCl 0.04g.
Ca Cl ^ ' 0.04g.
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K H g P O ^  0.24g.
N a ^ H P O ^ . I 2H 2O 1.89g.
D e i o n i s e d  w a t e r  10 00.0 g.
The a b ov e m i x t u r e  is h e a t e d  for 30 m i n u t e s  at 
b o i l i n g  poin t, o v e r h e a t i n g  b e i n g  avoided. A f t e r  f i l t e r i n g  
t h r o u g h  d o u b l e  t h i c k n e s s  No.l grade paper, the s o l u t i o n  
is a u t o c l a v e d  at 15 p.s.i. for 30 m i n u t e s . i n  the v e s s e l  
fr o m  w h i c h  it is d i s p en sed. W he n cool, 100 ml. of in ­
a c t i v a t e d  ra bb it se r u m  (W ellcome  R e a g e n t s )  is added  u nde r 
s t e r i l e  c o n d i t i o n s .  The m e d i u m  is d i s p e n s e d  into s t e ri le 
m e d i u m  tubes u n d e r  s t e rile con di t i o n s .  E a c h  b a t c h  of 
m e d i u m  is tested for pH, s t e r i l i t y  and a b i l i t y  to s u p port 
l e p t o s p i r a l  growth.
A4 . 6  L e v a d i t i ' s  sta in
a) F i x  t i s s u e  in f o r m a l i n  or formol saline.
b) I m m e r s e  in a b s o l u t e  a l c o h o l  for 24 hours.
c) R e h y d r a t e  t h r o u g h  graded alco hols.
d) W a s h  in sev eral change s of d i s t i l l e d  water.-.
e) I m m e r s e  in 0.1% A g N O ^  in d i s t i l l e d  w a t e r  at 37°C for 
24 h o urs in the dark.
f) W a s h  in seve r a l  ch an ges of d i s t i l l e d  w a t e r  for 12 
hours.
g) I m m e r s e  in 1.0% h y d r o q u i n o n e  in 50% a l c o h o l  for 12- 
24 hours.
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h) D e h y d r a t e  t h r ough  gr ad e d  a l c o h o l s  to xylene, 
j) E mbe d in w a x  and s e c t i o n  at 7 j i m .
R e s u l t  - S p i r o c h a e t s  s t a i n  black, oth er ti ssues are 
un s t a i n e d ,  or pale yellow.
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Leptospiral motility
T he motility of spirochaetes, especially the Leptospira, 
has interested many workers but has remained unexplained 
despite the application of m odern techniques. Inadequate 
observations by Noguchi' have been used by modern 
workers (Ritchie and Ellinghausen^; Nauman^) to construct 
inaccurate models of leptospiral movement, the main in­
accuracy of which is that leptospires rotate upon their axes 
in free liquid. Noguchi', however, did observe tha t “ when 
one end is straight and the o ther semicircularly hooked, 
the organism usually progresses in the direction of the 
straight portion and seems to be propelled from the rear 
by the rotating hook” . A lthough not correct in im portant 
details, the observation of translational movement in the 
direction of a straightened portion is a fundam ental 
principle. Previous observations and explanations were at 
variance with the physical principles of fluid mechanics. 
This paper presents inform ation which we believe to be in 
accord with such principles.
Observations were made using a R eichert Zetopan 
microscope set for dark ground operation. Videorecordings 
were made to aid the categorising of the movements, and 
direct observation was used to analyse the finer details. 
The organism used was Leptospira icterohaemorrhagiae 
strain 3H cultured in K orthof medium. Particulate m atter 
was supplied to the organism either as particles of agar 
added to the culture on the microscope slide, or by allowing 
an active culture to invade semi-solid nutrient agar.
Movement in free liquid. W ith non-translational move­
m ent (Fig. la) the body remains relatively stationary with
c
Fig. 1 Motility of Leptospira icterohaemorrhagiae. a, Non- 
translational movement in free liquid; b, translational move­
ment in free liquid; c, crawling on a smooth surface; d, 
anchoring on a smooth surface; e, staple movement on a 
smooth surface. Arrows indicate point of fixation.
either end waving in a circular m otion in opposite 
directions. The rapid movement gives the appearance of 
spinning and the hooked ends blur into the fam iliar ‘button 
hole’ figure. Illum ination causes the organisms to  move 
more slowly and under such conditions contra-rotation of 
the hooked ends may be observed. Though care m ust be 
exercised in extrapolating from the behaviour of such 
organisms to the norm al state, the observation tha t organ­
isms decelerate smoothly would suggest tha t an abrupt 
change is unlikely. The forces produced by this type of 
m ovement are seen to be equal in all directions as there is 
no net change in the position of the organism.
W hen movement is Translational (Fig. 16), the end to ­
wards which the translation is effected perform s helical 
waves travelling for a short distance of the length of the 
cell towards the trailing end. The trailing end forms a 
broad hook which waves in an irregular circle in the oppo­
site direction to the propulsive helical wave to provide 
stability and prevent rotation of the whole body. The 
helical wave may also be observed when a portion of the 
body is fixed to or embedded in a particle and unable to 
rotate. An organism has been observed moving with a 
piece of colloidal graphite fixed to  the tip of the trailing 
end. The particle was so massive with respect to the 
organism tha t there was no tendency for the body to 
rotate, emphasising the function of the hooked tail.
Movement on a smooth substrate. Leptospira  may crawl 
(Fig. Ic) either like a snake or, alternatively, by lifting 
clear and then reapplying parts of the body. A variant on 
this is circular crawling in which no sideways waves of 
propulsion are seen. The body in this case follows a circular 
path, the circum ference of which is norm ally less than  the 
length of the body.
The organism may be anchored (Fig. Id). One end may 
remain fixed to the substrate despite high rates of flow 
in the medium. Frequently one end of the organism is 
seen to  be fixed to  itself fu rther along, in ' place of the 
substrate.
A third possibility is staple m ovem ent (Fig. Ic) so called 
because it can be imagined tha t the organism is passing 
through a staple or hoop fixed to the substrate. This move­
m ent often follows anchoring and is most probably due 
to the same process. By virtue of the small radius of the 
protoplasmic cylinder the surface energy would be relatively 
high, providing the physical adhesion necessary for this 
type of behaviour. W hen the organism moves through the 
‘staple’ the spiral of the protoplasmic cylinder behaves as 
if it were a screw, threading through a small hole. This 
keeps the cell in intim ate contact with the substrate in 
accordance with the surface energy concept. There is at 
present no direct evidence to  indicate tha t surface energy 
forces are responsible for the phenom ena observed. Equally, 
there is no evidence to indicate the presence of adhesive 
organelles or the secretion of adhesive substances.
Movements in semi-solid medium. Translation is effected 
by snaking through the medium with the body conform ing 
to the texture of the medium. The body is very flexible. 
It is not obvious how movement is actually carried out but 
the body once again screws through the medium.
The most im portant point to  arise from  these observa­
tions is the notion tha t when moving in free liquid 
Leptospira  do not rotate about the axis as has previously 
been supposed. The hook at the trailing end of an organism 
perform ing translational movement rem ains relatively still 
thereby providing an ‘inert head’ fundam ental to the 
effectiveness of the helical waves of the leading end of the 
cell as demanded by Taylor’s calculations on propulsion 
by helical w aves\ This basic requirem ent is not included 
in previous observations.
A certain am ount of roll about the long axis is inevit­
able as a consequence of the helical nature of the propul­
sive waves’, but this can be seen to  be corrected for by 
flicking movements of the trailing hook. Any rem aining 
rotation could not be confused with the rapid spinning 
described previously^"®.
The rapid spinning seen in nontranslatory m ovem ent is 
now seen to be an illusion. There is no process available 
to produce rapid spinning in the absence of flagellae, cilia 
or jet devices, none of which have been observed. I t is, 
however, a physical reality tha t the ends can wave in circles
